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APPENDIX A 


HISTORY OF THE BOSTON SEWERAGE SYSTEM BEFORE 1950 


Early History 


The first sewer was constructed in Boston prior to the year 1700, some 
70 years after Boston was first settled. By 1701, the population had 
increased to about 8,000, and problems were being created by frequent 
digging of streets to lay or repair sewers. In 1/709, the Massachusetts 
General Court passed an act regulating the construction of drains and 
common sewers in Boston and determining the method and distribution of 
charges for making and repairing the same. For 114 years thereafter 
(until 1823), the sewers in Boston were constructed, repaired, and owned 
by private individuals under authority of this 1709 act. The purpose 
for which the sewers were constructed under this act was for the draining 
of cellars and lands. Toilet and privy vault wastes were specifically 
excluded. 


One of the firts acts of the City Government in 1823, when Boston was 
granted its City Charter, was to assume control of all existing sewers 

and the construction and maintenance of new ones. Thereafter, new 

sewers were constructed by the City. The City ordinances regulated 

sewers and required that, when practicable, sewers should be of sufficient 
size to be entered by work crews for cleaning. 


Fecal matter was excluded from the sewers until 1833, when it was pro- 
vided that the Mayor and Aldermen, at their discretion, might permit 
connections which would admit such matter to the sewers. To assist in 
flushing out deposits in the sewers, it was provided, in 1834, that any 
person might discharge rainwater from his roof into the sewers "without 
permit or fee." 


During the nineteenth century, extensive operations for reclaiming and 
filling tidal areas bordering the old shorelines of Boston were under- 
taken. To meet these changing conditions, sewers were extended long 
distances at slight or no gradient to reach points of discharge into the 
harbor or its estuaries. As a consequence, sewers were prevented by 
tidal action from discharging for long periods each day, resulting in 
the deposit of sludge and debris within the sewers and upon the tidal 
flats about the City, with attendant health and odor problems. 


In 1870, the consulting physicians of the City declared the urgent 
necessity of a better system of sewerage and in December, 1874, the 
City Board of Health pointed out clearly the evils of the existing 
system and strongly urged that a radical change be made. 


On March 1, 1875, an order was passed by the City Council authorizing 

the Mayor to appoint a commission, "consisting of two civil engineers 

of experience and one competent person skilled in the subject of sanitary 
science, to report on the present sewerage of the city... . and 

to present a plan for outlets and main lines of sewers for the future 
wants of the city." This report was submitted in December, 1875. 
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It listed the following three ways in which the City, at that time, 
failed to dispose of its sewage before it became an extreme nuisance @ 
from putrefaction: \ 


is Sewage could not always be discharged from house drains to 
the sewers because the sewers themselves were not only full 
at high tide, but sewage was even forced backward up the 
drains into the houses. 


$e Sludge deposits formed in the sewers because the tide or 
tide gates prevented outflow. These deposits remained in 
some places for many months because not enough velocity 
was produced, even with a falling tide, to induce scour. 


oe Sewage discharged from the outlets was held in the harbor 
by tidal currents permitting the sewage to ''decompose and 


contaminate the air." 


Their report presented three possible methods of disposing of sewage as 
follows: 


ai Precipitation or sedimentation of the solid portions of 
the sewage. 


eis Irrigation. 


3. Deep water discharge. 


It was the recommendation of the Commission that discharge of the sewage 
to deep water be adopted. 


The Commission specifically proposed two main drainage systems, one for 
each side of the Charles River. The system on the south side would have 
its outlet at Moon Island, and on the north side discharge would be at 
Shirley Gut near Deer Island. Because of opposition to the Commission's 
recommendations, the City Council adopted the recommendations only insofar 
as they referred to the territory south of the Charles River. Based on 
these recommendations, Chapter 136, Acts of 1876, entitled "An Act to 
Empower the City of Boston to lay, finance, and maintain a main sewer 
discharging at Moon Island in Boston Harbor and for other purposeg ," 

was passed by the Massachusetts Legislature. 


Construction after 1876 


The City of Boston, from 1877 to 1884, constructed what is known as the 
Boston Main Drainage System. This system consisted of 25 miles of main 

and branch intercepting sewers, a pumping station at Calf Pasture, and 

an outfall sewer in tunnel extending to holding tanks on Moon Island from 
which the sewage was discharged to the harbor on outgoing tides. Sewers 
constructed were the Boston Main Interceptor (including a portion of the 
Stony Brook Sewer), East Side Interceptor, West Side Interceptor (including 
the Brimmer Street Sewer), and the South Boston Interceptor (south branch). 
The system was designed to have sufficient capacity to intercept the 
estimated dry weather flow of sanitary sewage, plus a small allowance a 
for storm water, from combined sewers which formerly had discharged con- 
tinuously into the harbor and its estuaries. 
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The North Metropolitan Sewerage District and the Charles River Valley 
Sewerage Systems were created by Chapter 439, Acts of 1889. The system 
in the North Metropolitan Sewerage District received sewage from the 
cities and towns north of the Charles River, including the East Boston 
and Charlestown sections of Boston, and discharged to Boston Harbor 

off Deer Island. The Charles River Valley system, serving Brighton and 
portions of the Back Bay districts of Boston, and areas in towns west 
of Boston bordering the river, was originally connected to the Boston 
Main Drainage System at Gainsborough Street. It was included in the 
South Metropolitan Sewerage District system in 1904. In 1905, the Ward 
Street Pumping Station was constructed, which lifted the flow from the 
Charles River Valley Sewer to the South Metropolitan High Level Sewer. 


The South Metropolitan Sewerage District was established under the 
provisions of Chapter 424 of the Acts of 1899, to provide an outlet for 
the sewage from portions of the Charles River Valley, the Neponset River 
Valley, and adjacent areas south of the Boston Main Drainage System. 
Works for the diversion of the sewage from this district into Boston 
Harbor were first placed in use in 1904. The Neponset River Valley Sewer 
between Central Avenue and Granite Avenue was originally designed and 
built by the City in about 1900 and subsequently purchased by the 
Metropolitan District Commission. Flows from upstream portions of the 
Neponset River Valley Sewer were diverted into the MDC South Metropolitan 
High Level Sewer at Monponsett Street. The downstream portion carries 
dry weather flows from Monponsett Street. At Granite Avenue this sewer 
discharges to the Dorchester Interceptor in the Boston Main Drainage 
System. 


The Boston Marginal Conduit was built between the south bank of the 
Charles River Basin and the West Side Interceptor in conjunction with 
the construction of the dam forming the basin under the Acts of 1903. 
This conduit provided an outlet to tidewater for polluted storm flows 
previously tributary to the Charles River Basin. 


In the period from about 1867 to 1918, the sewer conduits and channels 
serving Stony Brook, Muddy River, and the Back Bay Fens were constructed, 
extended from time to time upstream to further enclose Stony Brook. 

Upper reaches of Stony Brook have only recently been enclosed. 


Subsequent to construction of most of the Boston Main Drainage System 
described herein, the North Branch of ‘the South Boston Interceptor was 
built during the period 1882 to 1890, and the Dorchester Brook Sewer and 
Dorchester Interceptor were constructed during the periods from 1897 

to about 1926 and 1887 to 1895, respectively. In the period 1912 to 
1915, the pumping station at Union Park Street, together with high and 
low level sewers, were built to reduce flooding in low-lying areas of 
the South End. And in 1916 the Canal Street Relief Sewer was con- 
structed to divert sewage from portions of downtown Boston, from the 
West Side Interceptor to the East Side Interceptor. 


Following the completion of the Boston Main Drainage System, few changes 
in the system, except those of a local nature, have occurred up to the 
present time. A description of the system as it now exists is given 

in Chapter LII of this report. 


Developments from 1900 to 1950 


Since the construction of the principal portions of the Boston Main 
Drainage System, the discharge of sewage into Boston Harbor, the Charles 
River Basin, and South Bay has been investigated a number of times by 
direction of the Massachusetts Legislature. Several important investi- 
gations include those made in 1900 by the State Board of Health on the 
discharge of sewage into Boston Harbor, in 1903 by the Committee on 
Charles River Dam, in 1915 by a Joint Board, in 1917 by the Metropolitan 
Water and Sewerage Board, the Commissioner of Health of the State Depart- 
ment of Health and the Commissioner of Public Works in the City of Boston 
acting jointly, in 1929 and 1930 by special commission, relative to the 
discharge of sewage into Boston Harbor, and in 1935 and 1936 by a special 
commission. 


The report of 1936 (House Document 1600) was authorized under the pro- 
visions of Chapter 42 of the Resolves of 1935, and extended by Chapters 

5 and 36 of the Resolves of 1936. The special commission consisted of 

the State Commissioners of Public Works and Public Health, the Commissioners 
of the Metropolitan District Commission, and the Health Commissioner and 
Commissioner of Public Works of the City of Boston, acting jointly. This 
special commission recommended: 


"1. That special engineering studies be made and plans prepared 
under the supervision of the Department of Public Works of 
the City of Boston and the Metropolitan District Commission, 
with a view to providing adequate works for separating storm 
water from the domestic sewage in their respective systems 
and to providing adequate carrying capacity in all parts of 
the systems to prevent the overflow of domestic sewage and 
industrial wastes in the harbor or its tributaries. 


Se That suitable devices be provided by the Metropolitan District 
Commission for measuring the flow of sewage entering the 
sewerage systems of the North and South Metropolitan Sewerage 
districts from each city and town in the districts, and that 
consideration be given to amending Chapter 92 of the Ter- 
centenary Edition of the General Laws to provide for assessing 
the cities and towns of North and South Metropolitan Sewerage 
districts according to the quantity of sewage discharged 
from each municipality into the North and South Metropolitan 
Sewerage systems. 


eK That new legislation be enacted to provide for compulsory 
construction or reconstruction of sewers, drains, channels, 
pumping stations and other works for preventing surface 
or storm water or other water, within the meaning of 
Section 9 of Chapter 92 of the Tercentenary Edition of the 
General Laws, from entering the Boston Main Drainage and 
the North and South Metropolitan Sewerage systems. 


4. That public bathing along the water frontof Boston Harbor 
and its estuaries and tributaries be prevented, except at 
such point or points as may meet with the approval of 
the Board of Health of the city or town in which such 
bathing sites are located or with the approval of the 
Department of Public Health. 
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Dis That consideration be given to the preparation of detail plans 
for the treatment and disposal of sewage from the Boston Main 
Drainage District and the North and South Metropolitan Sewerage 
districts before it is discharged into Boston Harbor, and that 
such plans consider the possible extension in the near future 
of the Boston Main Drainage outlet to a point in deep water, 
and all of these outlets in the distant future, if necessary, 
to a point near the Graves for the disposal of the treated 
sewage. With plans available, it would be possible for these 
works to be constructed with the least possible delay should 
the public health or the demands of the population interested 
réquire. 


6. That consideration be given by planning boards of the cities 
and towns in the vicinity of Boston Harbor to the possible 
construction of sewage treatment works in the future as 
herein described at Deer Island, Nut Island and Moon Island, 
with possible additional works at these locations for incinerating 
the sludge and other objectionable matter removed from the 
sewage," 


This investigation did not show the condition of Boston Harbor to be such 
as to result in a nuisance, except in the immediate vicinity of the main 
sewer outlets and at certain sewer overflows to streams and estuaries, 
but did show that certain shores of the harbor and banks of certain trib- 
utary streams are seriously polluted at times by the overflow of sewage 
from storm water outlets; also, that under certain tide and wind conditions 
floating matter characteristic of sewage reaches adjacent shores used 

for bathing. Investigation also showed that objectionable conditions 

due to the overflow of sewage into tributary streams along the waterfront 
of Boston Harbor are due to the inability of the sewerage systems to 
dispose of the large amounts of storm water with the sanitary sewage 
entering these systems at times of considerable runoff. 


In 1938 and 1939, an investigation and report (House Document 2465 of 
1939) was made by a special commission with the aid of consulting 
engineers, in response to Chapter 79, Resolves of 1938. The major 
recommendations of this report which affected the City of Boston were 
the construction of a storm overflow conduit on the south side of the 
Charles River with pumping station at Berkeley Street, a Stony Brook 
relief sewer, a sewage pumping station discharging to the East Side 
Interceptor of the Boston Main Drainage System to serve the East Concord 
Street district, and sewage treatment plants at Nut, Moon and Deer 
Islands, essentially as recommended in House Document 1600. 


Pollution of the Charles River, including the Basin, was covered in a 
report issued as House Document 1961 of 1939. This report was made 

by a Joint Board, consisting of the Metropolitan District Commission 

and the Massachusetts Department of Public Health. The report stated 
that "if the purposes for which the (Charles River) basin is constructed 
are to be carried out, then the overflow of large volumes of sewage 

into this basin must be prevented, . .. ."' Recommended improvements 
affecting Boston were: 
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tee A new Charles River Valley sewer and pumping station in Brighton 
to pump sewage into the High Level Sewer. 


Le Extension of the Boston Marginal Conduit upstream to Brighton. 


Se Pumping station and facilities for lower end of the Boston 
Marginal Conduit. 


In January 1941, a preliminary engineering Report on "Sewerage and Sewage 
Disposal Studies under Chapter 512, 1939"' was submitted to the Metropolitan 
District Commission. This detailed report recommended the construction 

of a sewage treatment plant and pumping station at Nut Island, a storm 
overflow conduit along the south bank of the Charles River as proposed in 
House No. 2465, and the North Metropolitan Relief Tunnel. 


Chapter 705, Acts of 1945, included authorization for the construction of 

the Nut Island Sewage Treatment Plant, serving the South Metropolitan 
Sewerage District. This plant was constructed and placed in operation in 
1952. This Act also authgrized the construction of the North Metropolitan 
Relief Tunnel, a pumping station at East Boston, investigations, borings, 
designs, plans, and specifications only of the Deer Island Sewage Treatment 
Plant to serve the North Metropolitan Sewerage District, and construction 

of a storm overflow conduit on the south side of the Charles River. A 

bond issue of $15,000,000 was authorized to finance this work. An additional 
$8,000,000 was authorized for this work by Chapter 595, Acts of 1947. 


In 1948, a report was made to the Metropolitan District Commission by Metcalf 
and Eddy, Engineers, which discussed earlier engineering studies of a 
"Comprehensive Plan for the Relief of Storm Overflows into Charles River 
Basin and Extension of North Metropolitan Relief Sewer from East Boston to 
Deer Island." This report, together with the earlier studies, supported 

the proposed ''Comprehensive Plan" of the Metropolitan District Commission, 
which was studied in the 1950 and 1951 engineering reports by Charles A. 
Maguire and Associates, as discussed in Chapter X of this report. 


An additional $25,000,000 was authorized under Chapter 606, Acts of 1949, 
for completing the construction authorized under Chapter 705 of 1945, and 
constructing the Deer Island Sewage Treatment Plant and the storm over- 
flow conduit on the south side of the Charles River. 


In reports submitted by Camp, Dresser & McKee to the "Joint Board Relative 

to the Disposal of Sewage in the South Metropolitan Sewerage District. ..." 
in 1948 and 1949 as House Documents Nos. 2151 and 2263, respectively, it 

was recommended that relief of ‘the South Metropolitan High Level Sewer 

be provided by the diversion of the Charles River Valley System into the 
North Metropolitan System... ." 


Under the provisions of Chapter 598, Acts of 1949, the City of Boston 
was authorized to construct a sewage treatment plant at the site of the 
Calf Pasture Pumping Station, and to reconstruct and alter the existing 
sewerage works at Calf Pasture and Moon Island. Boston was authorized 
to borrow up to $15,000,000 for these purposes. This legislation was 
repealed by Chapter 645, Acts of 1951. 


Investigations, legislation, and construction undertaken since 1950, which 
affect the City of Boston, are discussed in Chapter II of this report under 
"History of the Boston Sewerage System Since 1950." 
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APPENDIX D 


CONDITION AND CAPACITY OF 
EXISTING OUTLETS 


Existing outlets from the Boston Sewerage System have been inspected in 
the field insofar as practicable, and the results are shown on Table l 


which follows. 


A general description of the existing outlets and the function of their 
appurtenant facilities is presented in Chapter III. Outlets described 

in Tablel are located approximately as shown on Figure 4 , Appendix B. 
Recommended improvements to existing combined sewer outlets are discussed 
in Chapters VIII and IX. 


Storm drain outlets have in general not been inspected because they are not 
considered to contribute to pollution of waterways. However, certain 
storm drain outlets have been inspected, which were readily accessible 

or were believed to be carrying sewage in addition to storm water. 


We have assigned outlet numbers to all outlets which discharge directly 
to open or enclosed bodies of water, such as Boston Harbor, Mystic River, 
Charles River, the Fens, the Roxbury Canal and Dorchester Brook Conduits, 
Dorchester Bay and Neponset River. 


In addition, we have assigned outlet numbers to outlets from the MDC 
Fens Gate House and from the West Side Interceptor to the MDC Boston 
Marginal Conduit. While outlet numbers are shown for outlets from the 
Boston Marginal Conduit to the Charles River Basin, such outlets have 
not been inspected, inasmuch as they do not directly receive overflows 
from the Boston system.’ 


Outlet numbers indicated are the same as those presented in Massachusetts 
House Document No. 1600, dated January 1937 with the following exceptions; 


ib Outlets not described in House 1600, or which have been 
extended combined with other outlets since 1937, and those 
which we consider as exterior outlets have been assigned 
numbers above 200. 


Ze Outlets tributary to the Boston Marginal Conduit, which were 
described as "interior overflows" in House 1600, have been 
assigned the same numbers as in that document preceded by 
the prefix JX, 


3}6 Outlet numbers below 109 which are not shown, were not listed 
in House 1600. 


Outlets are described from regulating structures, if any, to points 
of discharge. Regulators have been described, in general, as sump, 


Sluice gate, high outlet or weir types depending on the observed arrangement. 


The term tide gates used herein includes devices for the control of back 


water where tidal variations do not exist immediately downstream from 
the gates. 


D-1 


Estimated outlet capacities in Table 1 have been computed with 
consideration given to the conditions which control capacities. The 
controlling conditions have generally been the capacities of conduits 
entering or leaving regulating structures flowing full at invert 
slope and without surcharge. Where invert slopes of controlling 
conduits are flat or are not known, we have determined the flowing- 
full capacity based on a minimum velocity of 3.0 fps. In some cases, 
surcharge would be required to produce a velocity of 3.0 fps. 
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APPENDIX F 


THE PROPOSED DEEP TUNNEL PLAN 


Introduction 


Simply stated, the proposed Deep Tunnel Plan for the Boston Region 
involves the construction of large tunnels in rock under the city into 
which all of the overflows can be discharged through vertical shafts. 
The tunnels will store and conduct the overflows to a point where they 
can be pumped and disposed of in an acceptable manner. After consid- 
eration of possible surface storage at Deer Island with subsequent 
treatment at the MDC sewage treatment plant, we have concluded that 
disposal by means of an ocean outfall is preferable. It is essential, 
as a part of this plan, that the tunnels be emptied as soon as possible 
following a storm to provide the available storage volume for the next 
storm. 


Shortly after beginning our study of improvements to the Boston Main 
Drainage System we learned of a proposed deep tunnel storage plan 

for flood and pollution control prepared for the Metropolitan Sanitary 
District of Greater Chicago by the firms of Harza Engineering Company 
and Bauer Engineering, Inc. The report is entitled "Flood and Pollution 
Control, A Deep Tunnel Plan for the Chicagoland Area" and is dated 

May, 1966. 


After a thorough review of the Chicago plan, including discussions 
with the engineers involved, we concluded that the basic concept of 
deep rock tunnels for storing overflows is most attractive and appears 
to offer possibilities that other methods do not. 


The geologic formation of the City of Boston, discussed in Chapter II, 
lends itself to such a deep rock tunnel concept. The Metropolitan 
District Commission has recently constructed smaller size deep rock 
tunnels as part of the metropolitan sewerage and water systems. In 
addition, extensive records on the rock beneath Boston are available 

as a result of innumerable construction projects and borings which 

have been undertaken in the city. Thus, we were able to obtain rock 
profiles as well as rock compositions to a degree normally not available 
in a preliminary engineering investigation. 


The Problem 


At the present time, there are about 1360 miles of sewers in the City 
of Boston, many of which were built over 100 years ago. Most of these 
sewers, particularly in the older sections of the city, are combined, 
and their condition is questionable. 


Between 1877 and 1884, the City of Boston engaged in its most recent 
major sewer improvement project which consisted of the construction 

of about 25 miles of main and intercepting sewers, a pumping station 
at Calf Pasture, and an outfall sewer and holding tanks on Moon Island. 
This constituted construction of what is known as the Boston Main 
Drainage System and was a most far-sighted and progressive attempt to 
take are of sanitary conditions existing at that time. Much of this 
system is overloaded and several sections have collapsed. 
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There are many outlets into Boston Harbor and adjacent waters, including C 
the Charles River, Mystic River and Neponset River. [It is 

estimated at the present time that there are about 90 outlets in 

Boston which discharge dry weather flows of sewage continuously or 

mixed sewage and storm water during wet weather. Most of these outlets 


are old and do not function effectively. Of the approximately 20,500 
acres of total sewered area in the City of Boston, it is estimated that 
about 7,000 acres are served directly by combined sewers and about 


10,100 additional acres are now served directly by separated systems which 
discharge to combined sewer outlets. 


The discharge of untreated dry weather flows of sewage and of untreated 
discharges of mixed sewage and storm water has for many years created 
nuisance conditions in and around Boston. Objectionable odors, grease 
balls and sewage sludge deposits resulting from such discharges may be 
found in the vicinity of several of the most popular recreation areas in 
Boston. The presence of bacteria and viruses associated with the dis- 
charge of untreated flows has for many years constituted a significant 
health hazard to persons using the waters of Boston Harbor and its es- 
tuaries. As part of our investigation, we conducted a sampling program 
to determine the effect of overflows on the bacterial quality of waters 
in beach areas around the city and Charles River Basin. The results of 
this program support previous studies and show that gross pollution of 
these areas does occur. Such a hazard should no longer be tolerated by 
the citizens of Boston and neighboring communities. 


Recent federal and state legislation has resulted in the classification 
of coastal and inland waters in the vicinity of the City of Boston 

as well as the rest of Massachusetts. This classification adopted by 
the State on June 20, 1967 and approved by the Federal government means 
that the continued discharge of untreated mixed sewage and storm water 
is a violation. It is thus most important that the City of Boston have 
a feasible plan to follow in its efforts to improve its sewerage system 
and to dispose properly of its mixed sewage and storm water discharges. 


Alternative Methods to Handle Mixed Sewage and Storm Water Flows 


A number of communities neighboring Boston also have combined sewer 
systems which now discharge through outlets into Boston Harbor and 
adjacent waters. The principal communities having such systems are 
Brookline, Cambridge, Chelsea and Somerville. Methods for handling 
discharges of sewage or mixed sewage and storm water from combined 
systems should, in our opinion, include the applicable areas in each 
of these communities. The tributary area in all five communities is 
referred to collectively as the regional area. 


To determine the most feasible method of handling mixed sewage and 
storm water discharges to Boston Harbor and adjacent waters, we have 
investigated a number of alternative methods. Until the most feasible 
method was determined, the proper location and design of required 
improvements to principal existing intercepting sewers could not be 
accomplished. In Chapter VII is presented a complete description 
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together with estimated costs for each principal alternative method 
studied. A comparison of costs of alternative methods is presented 
hereinafter. The alternative methods in addition to the Deep Tunnel 
Plan are complete separation, construction of chlorination detention 
tanks and construction of holding tanks. 


Complete Separation 


The most positive method of separating storm water and sewage flows is 
to provide completely separate sanitary sewerage and storm drainage 
systems. Separation has been the policy of the City of Boston for 60 
years. Separation, if completely accomplished, would eliminate all 
discharges of overflows of mixed sewage and storm water. In Boston 
and neighboring municipalities where systems are now combined, this 
would require the construction of a new sanitary sewer in every street 
where a combined sewer now exists. It would also involve new separate 
plumbing connections to all of the existing buildings, and the re- 
plumbing of many entire buildings to separate roof drainage from the 
sanitary sewerage system. In many areas, yard drainage which now 
discharges into the combined system would also have to be repiped to 
the separate storm water systems. The construction of new separate 
sanitary sewers in the combined areas of the city would require the 
digging-up of every street and result in enormous traffic problems that 
would interfere with every day activities. New sanitary sewers would 


be required to serve 7,000 acres in Boston, and an additional 5,000 acres 
in the regional area. 


It is not considered feasible or practical to completely separate 
existing building plumbing into separate sanitary and storm systems. 

The great problem of enforcement of such separation in private dwellings 
by owners would have to be carried out under city ordinance by teams. 

of inspectors. The only other possible way to affect separation , 
of building plumbing would be for the city to go into each building 

and accomplish the separation itself. Separation in many buildings 
would require extensive renovations to the buildings themselves. 


Construction of Chlorination Detention Tanks 


A second alternative method for handling mixed sewage and storm water 
discharges involves construction in the vicinity of selected outlets 

of chlorination detention tanks, which would collect, detain and 
adequately chlorinate discharges or overflows of dry weather flow 

or mixed sewage and storm water before discharging to nearby water- 
courses. This would remove bacteria and viruses but would not 

affect the discharge of putrescible organic matter. As stated hereto- 
fore, there are about 90 outlets into Boston Harbor and adjacent waters 
from the combined systems in Boston alone. There is probably an equal 
number of such outlets in neighboring communities., About 30 tanks would 
be required to serve outlets in Boston alone. Near each outlet or 
combination of outlets must be available sufficient land area for con- 
struction of such tanks in order to make this method feasible. The 
total land area required to serve the number and location of outlets 

in the city exceeds the land area which could readily be made available 
for such holding tank construction. We estimate that these tanks, with 
depths of 12 feet would require a total land area of about 100 acres 

to serve 10,300 acres in Boston and about 160 acres to serve 17,000 
acres in the regional area consisting of Boston, Brookline, Cambridge, Chelsea 
and Somerville. The cost of taking land for this method even if it 
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were to be made available would be high. The land could not then be used 
for recreational, business or residential purposes. 


The enormous problem connected with the operation and maintenance of 
pumping, chlorination and cleaning facilities in such a system of mixed 
sewage and storm water chlorination detention stations together with 
land requirements precludes any further consideration of this method. 


Construction of Holding Tanks 


A third alternative method of handling mixed sewage and storm water 
discharges involves construction of holding tanks in the vicinity of 
selected outlets, which would store the discharges or overflows until 
the storm subsides. The stored flows could then be released back into 
the dry weather interceptor system for disposal with the normal sewage 
flow in the MDC sewerage system. Because almost the entire runoff 
volume for the 15 year design storm would have to be stored, the 
holding tanks would be much larger than chlorination detention tanks 
and more land area would be required. 


We estimate that about 30 holding tanks would be required for the 
approximately 90 outlets serving about 10,300 acres now tributary 
to combined sewer outlets in Boston alone. With depths of 10 feet 
(in order to eliminate pumping) these tanks would require a total 
land area of about 640 acres, one square mile. About 1,060 acres 
of land would be required to serve the 17,000 acre regional area. 


Under this method flows in excess of the 15 year design storm flow would 
overflow untreated to nearby watercourses. Provision of chlorination 
facilities would increase the cost of this method, and in effect we 
would then have a series of very large chlorination detention tanks. 


Since more land area would be required for holding tanks than for 
chlorination detention tanks, the disadvantages of holding tanks due 
to land requirements in Boston are correspondingly greater than for 
chlorination detention tanks. In addition, the problem of sludge 
handling would have to be considered. 


Based on the above considerations, the construction of holding tanks 
does not appear feasible or practical as a solution to the mixed sewage 
and storm water overflow problem in the Boston region. 


Other Methods of Handling Mixed Sewage and Storm Water Overflows 


The three methods of solving the problem of combined sewers discussed 

above are those which have been most commonly applied to date. However, 
none of these methods of handling mixed sewage and storm water overflows 
appears adaptable to all cities and towns. In addition, none of the afore- 
mentioned methods is very attractive for operation, maintenance and 

cost reasons. 


The Federal Government has recognized this situation and during 1965 
enacted legislation that provides for Federa] Water Pollution Control 
Administration research and demonstration grants in an effort to develop 
new methods. This legislation has indeed stimulated research and a 
number of municipalites throughout the U.S. have received such grants 
to study among other possibilities, holding and treatment lagoons, 
more efficient control of flow volume from combined sewers into 
interceptors, the feasibility of digging wells to lower ground water 
tables and reduce infiltration, the investigation of storing overflows 
in deep rock storage tunnels, and a study being conducted by the 
American Society of Civil Engineers on the feasibility of pumping 
sanitary sewage from buildings through small diameter pressure lines 
installed in existing building connections and combined sewers. The 
above gives an indication of the range of research being done on this 
problem. 


Of the various alternative methods possible, only the method of storing 
overflows in deep rock storage tunnels, in our opinion, provides the 
Boston region with a realistic and feasible method of solving the 
problem of combined sewers. The following preliminary engineering 
report on the proposed Deep Tunnel Plan indicates its feasibility and 
the desirability of further study of the details of this method. 


Proposed Deep Tunnel Plan Area to be Served 


There exist many outlets for the discharge of mixed sewage and storm 
water into the Charles River, Mystic River, Neponset River and Boston 
Harbor from the cities of Boston, Brookline, Cambridge, Chelsea and 
Somerville. Unless all discharges containing sewage are prevented, 

the basic problem of eliminating pollution from Boston Harbor and 
adjacent waters will not be solved. A joint effort by Boston, Brookline, 
Cambridge, Chelsea and Somerville appears essential. 


As mentioned before, there are some 7,000 acres of land in Boston now 
served directly by the combined sewerage system. In addition, another 
10,100 acres are now served directly by separate sewers and discharge 
through the combined sewers to outlets. Of these approximately 10,100 
acres, we propose to divert the storm flow (not mixed with sewage) from 
about 6,800 acres directly to watercourses. The remaining area of 
about 3,300 acres of presently separated area in Boston will continue 
to contribute storm as well as sewage flow to the outlets because it 
does not appear practical to conduct the separate storm flows elsewhere. 
Therefore, it is considered that a total area of about 10,300 acres in 
Boston will discharge mixed sewage and storm water to the proposed deep 
tunnel system. 


We propose that the Deep Tunnel Plan be of sufficient size and capacity 
and suitably located to serve the tributary areas of Boston and four 
neighboring communities with combined sewer systems, thus solving on 

a regional basis, the problem of water pullution abatement. We 
estimate that there are now about 6,700 additional acres tributary 

to combined sewer outlets in Brookline, Cambridge, Chelsea and Somer- 
ville. Therefore, the total area to be served by the proposed Deep 
Tunnel Plan is proposed to be about 17,000 acres. The proposed Deep 
Tunnel Plan would eliminate all overflows of mixed sewage and storm 
water from this entire area. 
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Basis of Design 


Rainfall. In design considerations of a tunnel storage plan, the volume 
and intensity of rainfall are very important factors. In our consideration C 
of the proposed Deep Tunnel Plan, two significant rainstorms have been 
used; (1) a 5-in storm in 24 hours, with a-frequency of recurrence of 
about 15 years, which can be handled without surcharging the tunnels with 
the pumping capacity provided and (2) an 8.40 in storm in 24 hours with 
surcharging of the tunnels. The total rainfall depth shown on Fig. F-1 
"Depth of Rainfall vs. Frequency for Boston, Massachusetts", for a storm 
of one day duration and 100 year frequency is about 7.0 inches. The 
maximum recorded 24 hour rainfall in Boston is 8.40 inches and the 
maximum recorded 24 hour rainfall in Massachusetts is 18.15 inches, 

both of which occurred in August 1955 (Hurricane Diane). 


Whereas it is obvious that a tunnel system designed on the basis of 
5.00-in and 8.40rin storms in 24 hours will not be adequate for a 24- 
hour rainfall in excess of 8.40 inches, such excessive rainfalls must 
nevertheless be expected. The capacity of the present sewerage system 

is such, however, that is unable to deliver enough flow to exceed the 
proposed tunnel system design capacity of 8.40-in in 24 hours, and the 
excess flow must, therefore, be stored at the surface or run off overland 
to the nearest watercourse. Even when replacements are made to the 
surface collection system to increase its capacity, it is expected that 
its total capacity to deliver flows to the tunnel system will not exceed 
the runoff from an 8.40-in storm. Nevertheless, pumps will have adequate 
capacity to pump flows from such excessive storms through a short outfall. 


Based on the set of curves shown on Fig. F-1, it appears that the total 
volume of rainfall in one day expected for a storm frequency of about 
once in 15 years is about 5-in over the entire tributary area. From 
the curves it is apparent that a depth of 5-in would be expected from a 
storm of 48 hours duration about once in 4-1/2 years, and from a 4 day 
duration storm once in 3 years. Four inches would be expected from 

a one day storm about once in 5 years. The curves in Fig. F-l have been 
developed from data in United States Weather Bureau Technical Papers 
No. 40 and 49 for recurrence intervals from 2 to 100 years. Data 

for recurrence intervals from 2 months to 2 years is based on our 
analysis of Boston rainfall records for the 10 year period 1955 through 
1964, 


As a result of our studies, it appears reasonable that a deep tunnel 
storage plan can be constructed that would handle the runoff resulting 
from a 15 year frequency rain storm of 24 hour duration (total rainfall 
depth 5-in) and dispose of this runoff within a 2 day period without 
surcharging the tunnels at any time. If the tunnels are permitted to 
surcharge, the runoff from a storm equal to the maximum which has been 
experienced in Boston may be handled. Essentially such a deep tunnel 
plan would eliminate all overflows to Boston Harbor and adjacent waters 
and practically all flooding of land areas and basements. We have, 
therefore, selected these conditions as the basis of design. 


Rainfall intensities shown on Fig. F-2 "'Rainstorm for Proposed Deep 

Tunnel Plan", are based on a study of actual rainstorms, hypothetical 
rainfall for a 15 year frequency storm and data from Weather Bureau Technical 
Paper No. 40. The 15 year design storm hyetograph and hyetographs 

for four actual rainstorms of comparable intensities and total storm volume 
are shown on Fig. F-2. The rainfall and runoff intensities of the 15 

year design storm of one day duration are indicated on Fig. F-3, "Rainfall 
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Note: 
The design hye tograph for total storm rainfall 
of 8.40-in. in 24 hours is considered to be 


proportional to that for the 5-in. storm rainfall 
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and Runoff Intensities for Proposed Deep Tunnel Plan". On Fig. F-3 
it is indicated that the peak 2 hour period of the hypothetical 5- 
in (15 year) storm, with an average intensity of 1.2-in per hour, would 
fall in the 8th and 9th hours after the start of rainfall. Also shown 
on Fig. F-3 are estimated inflow rates at the proposed Main Pumping 
Station at Deer Island resulting from such a storm. 


> 


Storage vs. Pumping There appear tobe numerous alternative arrangements 
possible in the development of a deep tunnel plan with relation *o the 
volume of storage and the rate of pumping. These alternatives range 

from an arrangement of maximum pumping capacity with no effective storage 
to very large volume of storage and minimum pumping capacity. As discussed 
hereinafter, the estimated cost of a deep tunnel storage plan is dependent 
in large measure on the cost to excavate rock. Our estimates have been 
based on the use of 33 ft diameter storage tunnels similar to those 
proposed in the Chicago study. During the course of our studies to 
determine reasonable tunnel capacities, we investigated eight separate 
arrangements ranging from a pumping rate of 1370 cfs and 35 miles 

of 33 ft diameter storage tunnels to a pumping capacity of 2410 cfs 

and 15 miles of 33 ft diameter storage tunnels. It was determined from 
our studies of relative costs that the cost increase connected with 
increasing the pumping capacity is far less than the cost of increasing 
the storage capacity. It was, therefore, decided that a maximum practical 
length of storage tunnels of 17.2 miles should be provided as discussed 
hereinafter. 


This analysis resulted, after some refinement, in a required minimum 
pumping capacity of about 2,400 cfs to handle a 5.00-in rainstorm, 
together with a storage volume equivalent to a length of about 

17.2 miles of 33 ft diameter tunnels, if the tunnels are not permitted 
to surcharge. By permitting the tunnels to surcharge for a rainstorm 
of 8.40-in. in 24 hours, a pumping capacity of about 5,200 cfs may be 
obtained using the same pumps as are required for 2,400 cfs without 
surcharging. Moreover, for rainstorms in excess of 8.40-in. in 24 hours 
the same pumps could serve if the whole flow were discharged at Deer 
Island through a short outfall. 


At a pump discharge rate of 2,400 cfs, the required total dynamic pumping 
head will vary from about 305 ft to about 350 ft depending upon the water 
level in the tunnels and the tide level in the ocean. At a pump discharge 


rate of 5,200 cfs, the required head, with storage tunnels surcharged, 
would be about 200 ft. 


Fig. F-4, ''Deep Tunnel Storage Volume and Pumping Rates", has been developed 
from the data presented in Fig. F-3. The curve in Pigy F-4 13”"a mass. or 
cumulative curve of inflow to the proposed Main Pumping Station. It in- 
dicates that pumping at a continuous rate of 2,400 cfs starting at about 

the 5th hour following the start of the 5-in design rainfall will empty 

the tunnel storage reservoir by the end of the 36th hour. For a pumping 
rate of about 5,200 cfs the tunnels could be emptied in a shorter period 

of time. 


It is not possible at the present time to consistently predict with 
accuracy the intensity, duration or volume of rainfall which may occur 
for a storm. As a result it will. not be possible to fully foresee the 
maximum pumping rate which may be required for a given storm. Therefore, 
it will probably be necessary to operate the pumps individually, follow- 
ing as closely as possible the storm development. This procedure will 
tend to minimize the possibility that the sturm might develop so rapidly 
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that the tunnels become filled earlier than anticipated. Obviously as 
experience in the operation of such facilities and greater accuracy in 
storm forecasts are achieved, control will become more positive. 


It is quite unlikely, at least in the near future, that the tunnels will 
receive storm flows in excess of the 15 year design storm inasmuch as 
the tributary sewers are in many cases inadequate in capacity for such 
flows. As a result, surcharging of the tunnels should noc occur until 
such time as the tributary sewer system is provided with the necessary 
capacity. Should an excessive storm occur, surface runoff generally 


may be expected to discharge overland directly to nearby watercourses 
without entering the sewers. 


Ocean Outfall. For the preliminary design of the outfall and diffusers 
proposed in this report, the analysis of diffusion of the waste water 

field in the ocean utilized all available data on the subject. Proper 
disposal of sewage effluent or mixed sewage and storm water to large bodies 
of water requires an effective mingling of these polluted waters within 

the water body to prevent the identification of the discharged waste 

water, prevent odor nuisance, and reduce bacterial concentrations. 


A study by W. Torpey was made recently of the decrease in dissolved oxygen 
levels in New York Harbor and the Thames’ Estuary resulting from rapid 
population growth of and sewage discharges from New York City and London, 
England. The study based on many years of record at each location, in- 
dicates that conventional wastewater treatment prior to discharge into 
harbor or estuarine waters may result in no appreciable improvement in 

the dissolved oxygen content of such waters. It appears, therefore, 

that the disposal of all sewage through a long outfall to sea is the 

most effective means of abating the pollution of Boston Harbor. 


To provide positive kill of bacteria and viruses, a chlorine dose of 

30 ppm applied to the flow within the outfall pipe is considered adequate 
and is therefore recommended. With a velocity in the pipe of 7.5 ft 

per second (pumping rate 2,400 cfs), the proposed outfall would provide 
over 1-1/2 hours contact time. 


In order to meet economically the above requirements for disposal of waste 
water by means of submarine outfalls, it is necessary to consider the most 
effective methods of mixing and dispersing in the water body as near to 
shore as possible while preventing the pollution of beach areas. This 
problem is concerned with mixing and dilution of the waste water in the 
immediate proximity of the discharge point, and ultimate disposition of 
the waste-sea water mass. The mixing and dilution at the discharge point 
is best accomplished by discharging through a number of orifices located 
on the sides of the pipe. These orifices are quite small in comparison 

to the pipe diameter. 


During our studies and in conjunction with the design of the proposed Main 
Pumping Station, we considered seven different pumping rates through a 
single pipe outfall and a double pipe outfall. Preliminary costs were 
prepared for each alternative and compared with the corresponding cost 
estimates for the tunnels and the pumping station. 


The most economical combination included a single 20 ft diameter outfall 
with twin 14 ft diameter diffuser pipes. At pumping rate of 2,400 cfs 
the velocity in the outfall pipe would be about 7.5 fps, and with 7-in 
diameter nozzles in the diffuser pipes 15 fps nozzle velocities would 

be achieved. ; 
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Our studies indicate that with a pumping rate of 2,400 cfs, a nozzle 
discharge of 4 cfs and a water depth of about 110 ft at the diffusers, 
an estimated dilution ratio of about 200 parts of sea water to 1 part 
waste water would be achieved in the rising plume of waste water, if the 
dispersing effect of ocean currents is ignored. The proposed outfall 
and diffuser locations, indicated on Fig. F-5, "Proposed Deep Tunnel 
Plan'', are approximate only but are expected to obtain this dilution at 
this depth. 


Relative densities and temperatures of the sea water and waste water 

may cause stratification. Under certain conditions, particularly during 
periods of low sea water temperatures, the plume may reach the surface. 
In the event that some material should float to the surface, prevailing 
winds from the northwest, as shown in the Wind Diagram on Fig. F-5, may 
be expected to carry it out to sea. 


On Fig. F-5, wind direction is indicated toward the center of the diagram. 
Frequency in a given direction is in proportion to the distance from 
the center. 


Current studies made by the U.S. Coast and Geodetic Survey, however, do 
indicate that tidal currents exist practically all the time. Further 
mixing and dilution in travel from the dispersion field would be derived 
from natural turbulence generaged by moving ocean currents. 


The waste water, it should be remembered, is composed of mixed sewage 
and storm water. Studies of overflows indicate that the proportion 

of sewage to storm water in such mixtures may vary from almost 100 per 
cent sewage in early stages of a design storm to about 10 per cent 
during later periods. 


As a result of factors such as ocean currents, distance towards shore 
and composition of the waste water, we would expect dilution ratios to 
range from about 200 to 1 to perhaps 6,000 to 1. Comparable reductions 
in the concentrations of bacteria and viruses and other polluting sub- 
stances would, as a result, range from about 99.50 per cent to 99.98 per 
cent even without chlorination. These reductions are to be compared 
with about 95 per cent removal of organic matter to be expected by 
conventional "complete" treatment. In other words, the concentration 
of polluting substances remaining after treatment by this method would 
be less than 10 per cent of that which can be expected following con- 
ventional treatment facilities. In view of these considerations, it 

is our opinion that when the proposed Deep Tunnel Plan is constructed 
and placed in operation the existing MDC Deer Island Sewage Treatment 
Plant may be abandoned. 


Natural die-off of bacteria and viruses in ocean water has not been 
allowed for but should have the beneficial effect of further reducing 
the concentrations. In order to provide positive kill of bacteria and 
viruses, we propose that the 30 ppm chlorine dose be applied throughout 
the year for protection of recreation and shellfish taking. 


Experience with the dumping of sewage sludge from barges at the entrance 
to New York Harbor indicate that the solid materials contained in the 
sludge settle to the bottom. The effect on the quality of sea water in 
the immediate area is not marked and beyond the immediate area there is 

no effect. The depth of water into which this sludge was dumped varied 
between 75 and 125 feet in an arc located between seven and twelve statute 
miles from shore. These depths and distances compare with those used 

in the design of the proposed outfall for Boston, as discussed hereinafter. 


F-13 


Based upon this experience and our own studies, it is our opinion that 
satisfactory disposal of the mixed sewage and storm water from the Boston 
area can be accomplished through the proposed outfall. 


Alternatives Considered in the Development of the Proposed Deep Tunnel Plan 


As mentioned before, many alternatives have been considered in developing 
the proposed Deep Tunnel Plan. The size and length of tunnels, the depth 
and length of outfalls, the size and location of chambers and the main 
pumping station are variable. After much consideration, the radial storage 
tunnel arrangement shown on Fig. F-5. was adopted in order to most 
effectively locate the tunnels such that access to them for all parts of 
the area served by combined sewer outlets would be made. 


Another arrangement which was seriously considered prior to adopting the 
radial tunnel system was to locate the storage tunnels generally around 

the periphery of the Boston peninsula. However, the radial tunnel arrange- 
ment was adopted instead of peripheral tunnels because it lends itself 

to more efficient construction methods, and to operation and maintenance 
procedures. 


In addition, consideration has been given to such alternatives as location 
of the Main Pumping Station at Columbus Park, discharge of flows from 

the proposed Main Pumping Station directly through the existing MDC Deer 
Island Sewage Treatment Plant and provision of a surface storage reservoir 
at Deer Island. Each of these alternatives is discussed below. 


Pumping Station Location 


Two principal sites were considered for the location of the Main Pumping 
Station. These two sites are at Columbus Park, South Boston, and at 
Deer Island, and the selection is primarily dependent on the need for 
gravity discharge to Deer Island. The alternatives to such gravity 
discharge would require a pumping station at Columbus Park and might 

be accomplished by two methods. 


The first method would be to raise all waste water from the storage 
tunnels into the existing MDC Columbus Park Headworks utilizing the 
available capacity of the existing MDC Boston Main Drainage Tunnel, 

which is designed to operate under surcharged conditions, and utilizing 
the Deer Island Sewage Treatment Plant to treat all the waste water. 

An additional tunnel could be constructed from Columbus Park to Deer 
Island to operate in parallel with the existing tunnel to utilize the 
maximum hydraulic capacity of the treatment facilities available for 
storm flows, which is estimated to be about 506 mgd. The total treatment 
plant hydraulic capacity is abovt 849 mgd of which approximately 343 

mgd is allowed for the estimated 1985 average daily dry weather sewage 
flow. Required operation of the existing pumping station for this system 
(assuming a new parallel tunnel were constructed) would be such that 

only the available storm capacity of the existing MDC Boston Main Drain- 
age Tunnel or about 259 mgd (in excess of estimated 1985 average daily 
dry weather flow of 179 mgd), could be pumped on the first day of a 

storm since an estimated 247 mgd of storm flow would reach Deer Island 
from the MDC North Metropolitan Relief Tunnel and North Metropolitan Sewer 
under design conditions. The construction of a parallel tunnel to carry 
the 247 mgd (506-259) would not, therefore, affect the tunnel storage 
capacity required, Furthermore, it is not, in our opinion, reasonable 

to provide additional tunnel capacity for storm flows from one area and 
reduce the capacity available to another area. 
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Based on the above considerations, the required length of 33 ft diameter 
storage tunnels to handle runoff from a 5-in rain storm of 1 day duration 
would be about 52 miles, and about 4.8 days would be required to completely 
empty the storage tunnels. This method is considered to be too expensive for 
further consideration. 


The second method would be to pump storm flows from Columbus Park directly 
to Deer Island through a force main. It would not appear reasonable to 
build a new pumping station limited to the capacity of the existing 
treatment plant based on the discussion in preceding paragraph because 

of the volume of tunnel storage required. Therefore, the pumps would 

have to discharge through a long force main either to a surface storage 
reservoir or directly to an ocean outfall, and in addition, the force 

main would remain full when pumps were not operating. There would be 

no reduction in the required volume of storage tunnels or sizes of the 
pumping station or outfall and, in fact, an additional 4.5 miles of force 
main tunnel would be required, if all storage is provided in tunnels. 
Surface storage at Deer Island is discussed hereinafter. In addition, 
this method has the distinct disadvantage of a higher pumping cost than 
pumping at Deer Island and appears to offer no advantages over the proposed 
arrangement. 


We concluded that gravity discharge to a pumping station at Deer Island, 
as proposed, is desirable for the following reasons: 


ls: The proposed Main Storage Tunnel to Deer Island will drain 
when not in use and will provide about twenty five per cent 
of the storage volume required. 


de Pumping at Deer Island is less costly. 

Sie A gravity tunnel to and a pump station at Deer Island will 
provide a natural ''back up system" to the existing MDC 
facilities. 


Pump Discharge through the Existing Deer Island Treatment Plant 


As described previously, a discharge rate at the proposed Main Pumping 
Station on Deer Island of about 2,400 cfs (or 1,550 mgd) will be required 
to handle the runoff from a 5-in storm of 1 day duration. The hydraulic 
capacity of the existing MDC Deer Island Sewage Treatment Plant available 
for flows in excess of design dry weather sewage-flow is about’ 506 mgd. 
With estimated 1985 average dry weather flow (343 mgd) entering the plant 
at the same time, the total flow entering the treatment facilities would 
be about 225 per cent of the maximum hydraulic capacity (849 mgd) and 
about 550 per cent of the treatment plant design capacity (343 mgd). For 
a storm of 8.40 inches in one day, the existing treatment plant design 
capacity would be overloaded by over 900 per cent. 


In our opinion such overload conditions should not be tolerated. Little 
or no BOD removal and solids removal at the Deer Island Sewage Treatment 
Plant could be obtained under these conditions, and all sanitary and 
storm flows would be discharged at Deer Island untreated except for 
chlorination. 


For storms of lesser intensity and total rainfall volume than the design 
storm, the adverse effect on the plant would be reduced. Considering 
the purpose for which the plant was constructed, the increasing sanitary 
sewage flows to it, and the real advantages of a dong ocean outfall such 
as that proposed herein, we have rejected this scheme. 


We have considered a possible means of reducing the magnitude of these 
overload conditions by providing surface storage at Deer Island as 


discussed hereinafter. 
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Surface Storage at Deer Isiand 


We considered the alternative of discharging the storm runoff into a 
surface storage reservoir at Deer Island and passing it through the 
existing sewage treatment plant at a controlled rate following a 
storm. 


Using the design criteria discussed earlier, a surface storage reservoir 

of about 110 acres in area and 30 ft of depth would be required to store 
about half of the runoff from 17,000 acres during the design storm. 

The other half would be stored in the deep tunnels. The reservoir could 

be constructed on Deer Island but would interfere with the land now occupied 
by the House of Correction and require extensive filling of adjacent shore 
areas. Construction of the reservoir including the protection of the 

dikes from sea action, paving of the interior of the reservoir and other 
heavy construction would cost an estimated 60 million dollars. 


Additional disadvantages of the surface storage arrangement are as 
follows: 


Ls An ocean outfall would be required for frequent use to 
dispose of the waste water pumped from the deep tunnels 
whether or not surface storage is provided. 


fae An expenditure of 60 million dollars for a surface storage 
reservoir is not recommended because the mixed sewage and 
storm water volume must still, in our opinion, be disposed 
of within about a 2 day period, either through the plant 
or through a separate outlet in order to have the reservoir 
empty before the next storm. 


a8 The efficiency of the existing sewage treatment plant would 
be reduced for extended periods following storms. 


4. The operation, cleaning and maintenance of the surface 
reservoir will require large expenditures. 


Description of Proposed Deep Tunnel Plan 


The proposed Deep Tunnel Plan has been developed for collection and 
disposal of mixed sewage and storm water flows from 17,000 acres in the 
Boston region and is shown on Fig. F-5. The plan comprises the 
following principal elements: 


i Surface connections consisting of interception chambers located 
on outlet conduits downstream of existing or proposed control 
chambers which will divert dry weather flows to the existing 
intercepting sewer system. Excess flows of mixed sewage and 
storm water flows would discharge to the drop shafts, described 
below, by surface conduits. Some principal existing surface 
conduits which may be rehabilitated to serve are shown by 
means of thin broken lines. 
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Pais Drop shafts, either vertical or inclined, to conduct the flows 
from the surface connections to transmission tunnels or directly 
to the deep rock tunnels. 


Sir Transmission tunnels in rock to carry flows from drop shafts 
to the storage tunnels. These transmission tunnels are shown 
as thin solid lines. 


4. An underground reservoir consisting of a system of 33 ft 
diameter deep rock storage tunnels in a radial pattern sloping 
gently to a central chamber located at Columbus Park, and 
a 33 ft diameter main storage tunnel extending from the Central 
Chamber at Columbus Park’ beneath Boston Harbor to a main 
pumping station at Deer Island, as shown by heavy black lines 
on Fig. F-5 . The total length of five radial storage tunnels 
is about 12.7 miles. The main storage tunnel would be about 
4.5 miles in length and would be approximately parallel to and 
on the south side of the existing MDC Boston Main Drainage 
Tunnel. The total length of storage tunnels is, therefore, 
about 17.2 miles. 


os A central chamber located in rock at Columbus Park, with sluice 
gates, tunnel ventilation and control facilities. 


6: A sloping access tunnel shown as a heavy broken line extending 
from the central chamber at Columbus Park to the Vicini tysor 
the Reserved Channel in South Boston. Its purpose is to provide 
access during construction and for maintenance and inspection 
purposes. 


hee A main pumping station located in a rock chamber at Deer Island 
with control building, power supply and chlorination facilities, 
etc.,in a surface structure. 


8. A 20 ft diameter subaqueous outfall pipe extending about 
45,000 ft generally east northeast into Massachusetts Bay 
terminating in two 14 ft diameter diffuser pipes, each 
about 5,800 ft long. 


As shown on Fig. F-5 , this proposed Deep Tunnel Plan would serve 
Boston, Brookline, Cambridge, Chelsea and Somerville. 


The wind diagrams shown on Fig. F-5 and F-6 indicate that the prevailing 


wind directions are from the northwest and southwest, generally away 
from the shore. 


Fig. F-6 indicates the outfall and diffusers with relation to existing 
Shore areas in the vicinity. The nearest land area would be 

Nahant some 5.5 miles from the diffuser pipes. From Marblehead they 
are some 6.3 miles distant, from the tip of Nantasket Beach some 6.8 
miles and from Cohasset some 8.9 miles. 
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Fig. F-/7 is an illustrative profile of the proposed Deep Tunnel Plan 
indicating schematically the transmission tunnels, surface connection 
conduits, storage tunnels, access tunnel, main pumping station, outfall 
and diffusers. 


Indicated on Fig. F-/7 also is the approximate rock surface together 
with principal surface landmarks. The depth of the storage tunnels 

is about 300 ft below the surface. The required depth is controlled 
by the location of the rock surface along its profile. The invert of 
one radial storage tunnel and the main storage are proposed to be 
slightly below that of the existing MDC Boston Main Drainage Tunnel to 
permit dewatering the existing tunnel if required. 


A detailed description of the three principle features of the Deep 
Tunnel Plan (i.e., storage tunnels, main pumping station and ocean 
outfall and diffusers) is presented below. Estimated construction 
costs of all items and capitalized annual operation and maintenance 
costs are shown in Table F-1. 


Storage Tunnels 


As mentioned above, the storage tunnels consisting of the five 

radial storage tunnels shown on Fig. F-5 and the main storage tunnel 

to Deer Island are proposed to be excavated to cross sectional area 
equivalent to about a 33 ft diameter circle. The design diameter depends 
on the total required storage volume of the tunnels and the design 
pumping capacity of the main pumping station at Deer Island. 


The method of construction of these tunnels at the present time would 
appear to be by the drill and blast method. We have discussed this 
project with contractors experienced in tunnel work. The access 

tunnel sloping at about 8 per cent grade from the ground surface to 

the central chamber at Columbus Park was proposed as an efficient 
means for access to the area while the tunnels are being constructed, 
for easy transportation of the muck to the surface for disposal either 
as fill in the immediate area or on barges to be disposed of elsewhere. 
The length of the five radial storage tunnels under Boston is such 

that the transportation of the muck from the tunnels to the surface 
poses no unusual tunnel construction. It is our opinion at this time 
that the sides and top of the tunnels would not have to be lined except 
where unstable rock is encountered or where rock bolts are needed 

for stability. In the cost estimate on Table F-1 the cost of the deep 
storage tunnels includes 25 per cent of the tunnel length full lined, 
75 per cent of the tunnel length with paved invert only and 40 per cent 
of the tunnel length supported by rock bolts. We propose that the 
bottom of the tunnels be lined with concrete to assist in the operation 
and maintenance of the tunnel system and also to provide a relatively 
smooth surface on which the contractors' trucks may operate. 


Because the primary function of these tunnels is to provide storage 
volume and not flow capacity for hydraulic transmission, the shape 

of the tunnel cross section is not critical, and a horseshoe or other 
section could be used instead of the circular section if it appears 
more advantageous and economical. 
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TABLE F-] 


ESTIMATED COST OF THE DEEP TUNNEL PLAN 
FOR THE BOSTON REGION 


Estimated Cost, 
Item million dollars 


Deep Storage Tunnels 
(including Central Chamber 


and Drop Shafts) 21320 
Main Pumping Station (Deer Island) SU RU 
Ocean Outfall and Diffusers 54.0 
Surface Connections 20.0 


Transmission Tunnels 


(including drop shafts) 88.0 
Separation 10.0 
TOTAL ESTIMATED CONSTRUCTION COST 430.0 


Capitalized Annual 
Operation and 
Maintenance Cost (at 4% interest) 66.0 


TOTAL ESTIMATED COST 496.0 
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CITY OF BOSTON, MASSACHUSETTS 
REPORT ON IMPROVEMENTS TO THE BOSTON MAIN DRAINAGE SYSTEM 


ILLUSTRATIVE PROFILE OF 
PROPOSED DEEP TUNNEL PLAN 


Camp, Dresser & McKee 
Consulting Engineers 


Boston, Mass. 


SCALE: AS INDICATED SEPTEMBER, 1967 


FIG. F-7 
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Considerable research and experimentation on rock boring machines (moles) 
with rotary cutting heads in diameters as large as 33 to 36 ft is being 
done in this country and in Europe. The rock formations, being relatively 
hard and of varying strength in the Boston area, may not at this time 

be amenable to successful excavation by the existing types of moles. 

It appears likely, that in the next five to ten years, the excavation 

of hard rock by rock boring machines will become routine. If the proposed 
tunnels can be constructed by such machines, the interior of the tunnels 
will be of circular cross-section and be quite smooth eliminating in general 
the need for concrete linings or inverts. Of great significance is the 
probability that the development of rock boring machines will reduce 
excavation costs for rock such that the estimated costs of tunnels ex- 
cavated by boring machines, within a few years,may be substantially less 
than those of tunnels excavated by drilling and blasting methods. The 

cost of the rock tunnels contained in this report is based on conventional 
present-day methods of drilling and blasting with paved inverts throughout 
and full concrete lining where conditions require it. 


We estimate that the construction cost of the 1/.2 miles of 33 ft 
diameter storage tunnels including the necessary shafts, the central 
chamber and an allowance for tunnel ventilation equipment will be about 
213 million dollars as shown in Table F-1l. 


Main Pumping Station 


The location of the Main Pumping Station would be to the east of the 
existing MDC sewage treatment plant on Deer Island. It would consist 
of a circular chamber some 180 ft in diameter excavated in solid rock 
by the drill and blast method. 


The station would have design capacities of 2,400 cfs at a total head 

of about 350 ft with required operating horsepower of about 110,000, and 
5,200 cfs at a total head of about 200 feet with a maximum required 
horsepower of about 150,000 with the tunnels surcharged. 


It appears that eight vertical single-stage single-suction pumps will be 
required. Six of these pumps will be 60-in units, each with a capacity 

of about 380,000 gpm when driven at a speed of 400 RPM by a 25,000 
horsepower, 4,000 volt synchronous motor. Three of these pumps will be 
provided with magnetic drives to vary their speed. These pumps will be 
able to handle all design flows reaching the station. The two additional 
pumps will be 42-in units, each with a capacity of about 90,000 gpm when 
driven at a speed of 360 RPM by a 9,000 horsepower, 4,000 volt synchronous 
motor. These two pumps will serve as standby units and will be used to 
dewater the suction well and tunnels. 


The station will be provided with ventilation and control equipment and 
surge, access and discharge shafts. Provision will be made for screening 
and hypochlorination facilities. Electric power will be provided to 
operate the pumps and appurtenant facilities. Estimated power require- 
ments for this station are shown on Fig. F-8 "Power Requirements for 
Proposed Pumping Station". A horsepower requirement of 150,000 would 
occur with such rarity that the number of hours this power would be 
required has not been shown. We have given consideration to the possi- 
bilities of generating power at Deer Island and selling power in excess 
of station demands and of purchasing power from commercial sources. 
Detailed cost analyses will be necessary to determine the most economical 
method of providing the necessary power. It has been forecast, however 
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by the National Power Survey that the cost of electricity will be sub- 
stantially reduced by the year 1980. We estimate the total construction 
cost of the Main Pumping Station will be about 39 million dollars as 
shown on Table F-1. 


As 
ft 
of 
be 


Ocean Outfall and Diffusers 


shown on Fig. F-5 and F-7 the outfall is proposed to extend 45,000 
generally east northeast into Massachusetts Bay. The pipe will be 
reinforced concrete with an internal diameter of 20 ft, and it will 
provided with special flexible joints. 


The pipe would be laid on the bottom of the bay in a trench sufficiently 
deep to prevent movement of the pipe. It would be buried where it crosses 
the main ship channel. 


The diffuser pipes would have internal diameters of about 14 ft and be of 
reinforced concrete with flexible joints. The diameter of the diffuser 
nozzles will be seven inches with a spacing on each side of the diffuser 
pipe of about 19.2 ft. The total length of the diffuser pipes would be 
about 11,600 ft. The diffuser pipes would be located at approximately 
right angles to prevailing ocean currents in the area. The diffuser 
pipes will be located at about 110 feet below mean sea level. 


The estimated construction cost of the ocean outfall and diffusers is 
about 54 million dollars as shown in Table F-l. 


Advantages of the Proposed Deep Tunnel Plan for the Boston Region 


1. 


The Deep Tunnel Plan provides the best and most practical regional 
solution to the problem of handling mixed sewage and storm water and 
assures the abatement of water pollution due to both sewage and 
surface runoff. 


The Deep Tunnel Plan is adaptable to serve any conceivable 
development of Boston or the regional area in the future. 


The Deep Tunnel Plan is the most economical means for eliminating 
overflows to the surrounding waters. 


The estimated total cost of the Deep Tunnel Plan is less than for 
alternative methods including complete separation, as shown in 
Table F-2, and this plan may become relatively less expensive in 
the future as rock boring technology improves. 


The Deep Tunnel Plan will occupy very little valuable land area. 


Construction of the Deep Tunnel Plan will not cause interference 
with traffic or surface activities. 


Construction of the Deep Tunnel Plan will permit the efficient 
draining of all areas that now flood during heavy rains and 
high tides. 


The Deep Tunnel Plan provides the means for disposing of all 

polluted surface water and sewage well out to sea away from any 

inhabited areas. The ocean outfall will permit the safe discharge 

to sea of all treated or untreated waste water from Deer Island facilities. 


Sections of the deep storage tunnels will parallel the MDC Boston 


Main Drainage Tunnel and have lower inverts to complement the 
existing MDC sewerage system 
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TABLE F-2 


ESTIMATED COSTS OF ALTERNATIVE 
METHODS FOR THE BOSTON REGION 


Estimated Costs, Million Dollars 


Capitalized 
Operation 
and 
Method Construction Maintenance* Total 
Complete Separation DUG 34.0 584.0 
Chlorination Detention 
Tanks 400.0 iksyo Ale aye 0) 
Holding Tanks 12550 99°50 814.0 
Deep Tunnel Plan 430.0 66.0 496 .0 


* At interest rate of 4.00% 


NOTE: Costs do not include replacement of existing storm drains or 
combined sewers. 


10. The large quantity of rock excavated from the tunnels during 


construction will be available at low cost for fill in connec- 
tion with the expansion of Logan International Airport, site 
development for the proposed 1975 Worlds Fair or other fill 
operations in and around Boston Harbor. 


Implementation of the Proposed Deep Tunnel Plan 


In our opinion, it is not reasonable to expect the City of Boston alone 
to effectively dispose of its mixed sewage and storm water overflows 
unless neighboring cities and towns having similar combined systems 

and overflow problems do likewise. For this reason, as mentioned heretofore, 
the Deep Tunnel Plan should be constructed as a regional operation. 

It is our opinion that the Metropolitan District Commission or a similar 
agency be given the power to construct, operate, maintain and administer 
the system. 


It is essential, however, that the City of Boston take the initiative 
in making this proposed tunnel plan become a reality. The City of 
Boston is most affected by proposed water quality standards and by 
the problems connected with its combined system and would, therefore, 
benefit greatly from the construction of such a proposed Deep Tunnel 
Pian. 


Although the proposed Deep Tunnel Plan is less expensive than complete 
separation of the system, it nevertheless represents a considerable 
expenditure. At the present time, State and Federal grants do not 
appear adequate either in funds or in scope of the existing legislative 
acts to materially assist in the construction of such a proposed plan. 


It is our opinion that other large metropolitan cities located close 

to the coastline having combined sewerage systems should consider 
similar deep tunnel plans with disposal to the ocean. A concerted 
effort by these large cities to join together and obtain substantial 
financial assistance from the government appears to us the only feasible 
means for correcting the mixed sewage and storm water overflow problem 
in the larger and older cities. 


We urge the City of Boston take the lead in such a joint effort. 


Time required for construction of the proposed Deep Tunnel Plan would 
be at least five years. 


To implement this plan, we recommend that the City initiate efforts for 
the region to obtain funds available through Federal or State grant 
programs to defray the cost of the further engineering investigations. 
Such additional investigations as discussed below will be necessary 
before final plans can be drawn for such a system. 


Further Engineering Investigations Required 


Our studies to date have necessarily been preliminary in nature. 
Detailed engineering investigations for the proposed Deep Tunnel Plan 
should be required prior to a commitment for final construction plans. 
Some of the areas which, in our opinion, require more investigation 
and refinement are as follows: 
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1. Subsurface explorations - The elevation of the top of rock 
and the type of rock along the proposed tunnel routes should 
be ascertained before a final tunnel layout is established. 


2. The means and necessity for continuous or intermittent venti- 
lation of the tunnels should be determined. 


3. A detailed investigation of the sources and economics of power 
for the main pumping station at Deer Island should be made. 


4. A review and refinement of the relationship between the trib- 
utary area, storage, and design storm pumping capacity should 
be made. 


5. The financial and administrative procedures for the construc- 
tion, operation and maintenance of the system should be determined. 


6. Biological studies and more detailed investigations of currents 
in Massachusetts Bay should be made to assure proper location 
of the outfall. 


7. The possibility of disposing of all storm and Sanitary sewage, 
including all flows now reaching the MDC sewerage system 
through the proposed outfall should be reviewed in detail. 


8. A thorough investigation of the degree of chlorination of 
mixed sewage and storm water required, should be made. 


Recommended Policy on Water Pollution Control for the City of Boston 


The present policy of complete separation of Sanitary and storm water 
systems should be continued until a definite commitment to adopt the 
proposed Deep Tunnel Plan is made. 


At that time, the City's sewerage policy can be implemented on the 


basis that discharges of mixed sewage and storm water will thereafter 
be effectively handled by the Deep Tunnel Plan. 
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To __CAMP. DRESSER & MeKEE, ENGINEERS, BOSTOM, HASS, 
BOSTOM SEWER REPORT, MASS, 


Location 


TEST 


37 LINDEN STREET 


pening #6 


GROUND SUAFACE ELEV. 18.0 


76° 


12° 


176° 


186" 


236° 


286" 


310° 


36°? 


4'e 


45*0" 


LOOSE SAND, 
GRAVEL, STONES, 
FILL 


LOOSE SAND, CINDERS, 
LITTLE GRAVEL, 
TRACE OF BRICK FILL 


LOOSE SAND 
CINDERS, GRAVEL, 
TRACE BRICK FILL 


ORGANIC SILT 
TRACE OF FINE SAND, 
SHELLS 


ORGANIC SILT 
TRACE OF FINE SAND, 
SHELLS 


ORGANIC SILT, 
TRACE OF FINE SAND, 
SHELLS 


ORGANIC SILT, 
LITTLE FINE SAND, 
TRACE OF SHELLS 


TRACE OF FINE SMO, 


WATER LEVEL 9°6" (TIDE) 
OELGw 6ROUne SUATACE 


NATE 6-267 


BORING AND 


MEDFORD, MASSACHUSETTS 02155 


BORING #7 
GROUND SUAMFACE ELEV. 23.0 


FIRM SAND, SOME 
GRAVEL FILL 


2 
LOOSE SAMO, LITTLE 
GRAVEL, TRACE OF 
STOWES, CLAY FILL 
610 
FIR SAND, 
& GRAVEL, TRACE 
OF CLAY FILL 
ee 
FIRM 
FINE SAND, SOWE 
GRAVEL & CLAY FILL 
7 
19% 
LOOSE FINE SAND, Sond | 
20%" 
ORGANIC SILT 
LUTTLE SMELLS 
2500" 
ORGANIC SILT, 
TRACE OF SHELLS 
30°0" 
ORGANIC SILT 
TRACE OF FIBRES, 
emeLis 
360" 
HARD BLUE CLAY, TRACE 
FINE SAND 
376" 


WATER LEVEL 9°0" (TIDE) 
CCLGy GROwSH suRTAcE 


DATE 6) 67 


CONSTRUCTION 


CORPORATION 


Telephone EXport 1-4500 


__ Date JUNE 26, 1967 job No. _ Sze 
eae \" = i De ft. 
BORING #8 


FIRM SAND, GRAVEL 
SOME STONES, TRACE 
BRICK FILL 


4 


LOOSE SAND, CINOERS 
FILL 


FIRM SABO & GRAVEL 
FILL 


FIRM SAND, SOME 
PRICK TRACE GRAY, FI 


To 
716 


9 


10° 


VERY HARD SAND, 
& GRAVEL, TRACE 
TAR FILL 


14ee 


LOOSE 
SANO, SOME 
GRAVEL STONES FILL 


18°" 


ORGANIC SILT 


TRACE SAND, GRAVEL 


23° 


30 


ORGANIC SILT 


REDIUM BLUE CLAY 
TRACE OF FINE SAUD, 
GRAYEEL 

WATER LEVEL 5°O" (TIDE) 


OE Lew GROWTHS SURFACE 


DATE 531-67 


31? 


33 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


6 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS Re@uireD TO prive__ 2 OD. SPLIT TUBE SAMPLER 


. pe l2 INCHES USING 140 LB. WEIGHT FALLING 30 INCHES ey 


G-6 


' 15 


Shes... SAE EBS «| tees 


CARR-DEE TEST BORING AND CONSTRUCTION CORPORATION 


37 CINDEN STREET MEDFORD, MASSACHUSETTS 02155 Telephone EXpert 1-4500 
To CAMP, DRESSER & WeKEE, ENGINEERS, BOSTON, MASS. Ime 26, 1967 sg oye erlz2 
(neers BOSTON SEWER REPORT, HAS, ; eo sre et 
BORING #9 BORING #10 BORING $108 
GROUND SURFACE ELEV. 16.0 GROUND SURFACE ELEV. 28.0 GROUND SURFACE ELEV.17.0 
WARD SAND FIR SAND, 
FIRB SAND Gave, ne SPORES FILL 
Uae aiet e ve BRICK, STOMES FILL 
OF BRICK, COAL 
ASHES FILL 
VERY HARD, 5°? 
SAND, GRAVEL FIRM SAND, GRAVEL, 
6668 FuLt STONES FILL 
LOOSE SAMO 
GRAYEL, LITTLE us 
BRICK fttt 
10°? 
FARM SAMO 
106" ; GRAVEL, SOME 
eee WOOO FILL 
206° 
1390" 
NC WATER ENCOUNTERED 
LOOSE SANU, LRAYEL, 
DATE 5~ 17-67 STONES LITTLE 
RICK 
grease ERICK FILL 
IU! 
18°" 
ORGANIC SILT, 
TRACE SAND, 
GRAVEL 
20°08 BORING #I0=A 20°" 
(7°0" SOUTH UF ORIGINAL LOCATION) LOOSE SAND, GRAYEL, 
STONES, BRICK 
ORGANIC SILT FILL 
230° 
ORGANIC SILT, TRACE 
GROUND SURFACE ELEV. 17.0 SHELLS, GRAVEL 
ORGANIC 
SILT 
HARO SAND 26 "0" 
GRAVEL, STONES MEDIUM BLUE CLAY, 
FILL VEINS OF FINE 
zane | 
HARO 
30°¢" 510 YELL Ow 
CLAY, TRACE FINE 
SAND 
HARD 3210" 
SAND, GRAVEL : 
STONES, LITTLE at ees Coed 
WOOD FILL 
10°" < F 34°6* 
35 +" OBSTRUCTION WATER LEVEL 9°C* (TIDE) 
WATER LEVEL (2°90? (TI@E) WO WATER ENCOUNTERED SEL@v GROUND suRraAcE 
SEL@e CROURO SURFACE 
DATE Set 7=67 DATE 5~16=67 


A 1-67 
DATE Set NOTE: THIS BORING MADE 


50°? FROM BORING MO. 10 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


& 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE Sern 


SM Es INCHES USING 140 LB. WEIGHT FALLING 30 INCHES a C 7 SHEET parE 3 | Aue het 
< 


CARR-DEE TEST BORING AND CONSTRUCTION CORPORATION 


37 LINDEN STREET 


MEDFORD, MASSACHUSETTS 02155 


Telephone EXpert 1-4500 


To CAMP, DRESSER & KeKEE, ENGINEERS, BOSTON, KASS. - Date JME 26, 1987 No, __S7122 
Location BOSTON SEWER REPORT, MASS, ode ee eh: 
BORING #11 BORING #12 BORING #13 


GROUND SURFACE ELEV. 15.0 


LOAMY SAND 12 | 


FIR SAND, 
LITTLE GRAVEL, 
SOME CLAY FILL 


16° 


6 


11 


16°" 


MEDIUM YELLOW 
CLAY, TRACE FINE 
SAND 


HARD YELLOW CLAY, 
VEINS OF FINE SAND 


18°6" 


20° 


Fim 
FINE SAND 
LITTLE CLAY 


25°" 
WATER LEVEL 4°6° 


eerew enous sueracr DATF Setdeb! 


486" 


TO SOFT 
YELLOW CLAY 


53°6° 


FIRM FINE SAND 
& CLAY, LITTLE 
GRAVEL 


VERY HARD, FINE 
SAND, GRAVEL 
& STUNES 


65 "6° > REFUSAL = 
(120 stews, 0 PemetRaTion) 


WATER LEVEL 6 °O" (TIDE) 
BELQW GROUNO SURFACE 


DATE 518-67 


GADUMO SURFACE ELEV. 15.5 


LOAMY SMNO 
GRAVEL, STONES 
FILL 


4 


CLAY, TRACE GRAVEL ei 
f 


t 
5° | cose SAND FILL | 8 


6 "6" 


ORGANIC SILT, 
TRACE OF SHELLS 


10° 


ORGANIC SILT, 
TRACE OF SHELLS 


15 °0? 


ORGANIC SILT, 
TRACE OF SHELLS 


20°0 


ORGANIC SILT 
TRACE OF SHELLS, 
FIBRES 


25° 


ORGANIC SILT 
TRACE OF FIBRES 


30°6* 


HARO YELLOW & 
BLUE CLAY, TRACE 
SAND, STONES 


33 96° 


33 *6* 


436° 


MEDIUM 
YELLOW 
CLAY 


BORING 12 CONTINUED AT LEFT 


GROUND SURFACE ELEV. 15.0 
LOCSE FINE SMD FILE 


1 °0* 


Fim SAND, LITTLE 
GRAVEL FILL 


ane 


ORGANIC SILT, 
TRACE FINE SAND, 
SHELLS 


8°" 


WEDIUM TO SOFT 
YELLOW CLAY 


10+" 


MEDIUM YELLOW 
CLAY, VEINS OF 
FINE SAND FULL 


Fim SAND, TRACE 
GRAVEL, CLAY FILL 


ORGANIC SILT, TRACE 
FIME SAND, SHELLS, 
GRAVEL 


13'0* 


150" 


] 
2010" TO RGANIC SILT, TRACE 
FINE SAND, SHELLS, 
GRAVEL 


22°6* 


ORGANIC SILT, 


TRACE OF SHELLS, 
FIBRES 


26 6° 


HARO YELLOW CLAY, 
TRACE FINE 
SAMO 


29°0° 


WATER LEVEL (TIDE) 
DATE 5et2*67 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 


12 


a INCHES USING 140 LB. WEIGHT FALLING 30 INCHES is re! 8 


2° 0.9, SLIT TUBE SAMPLER 
SNORT Go coe ass OF ELS ae ee 


CARR-DEE TEST BORING AND CONSTRUCTION CORPORATION 


37 LINDEN STREET MEDFORD, MASSACHUSETTS 02155 Telephone EXport 1-4500 
To CAM, DRESSER & MeKEE, ENGINEERS, BOSTON, WASS, __.._. Date JUNE 26, $967 Job No iia 
Pe raitcn BOSTON SEWER REPORT, MASS. Le, i Scale’ 1” = 
BORING #4 BORING #45 BORING f16 
GRCUND SURFACE ELEV. 14.0 GROUNU SURFACE ELEV. 17.0 GROUND SURFACE ELEV.16.0 


S 
FINE SANO FULL FIRM SAND 


GRAVEL, STCNES, 
TRACE OF CLAY 
FILL 


110" 


FIRM SAND, GRAVEL, 
STONES, TRACE BRICK 
FILL 


SAND, GRAVEL, TRACE 
OF CLAY FILL 


FIRM SAND, 


GRAVEL FILL 306° 


F108 
5 10" 
CLAY, TRACE OF 6 rE" 
SAND) FUL ORGANIC SILT, LOOSE SAND, 
sae TRACE FIBRES GRAVEL, SOME 
FIRK SAND, SUPE ve CAs 
GRAVEL, STONES mts COOSE FINE SAND, 
10°0# Loree LITTLE CLAY 
LOOSE SAD CINDERS iit. 
RAVEL, STONES Fl , 
pees Se MEDIUM YELLOW 
ie CLAY, VEINS OF 
ORGANIC SILT, TRACE FINE SAND 13808 
FINE SAND FILL 
TD : 
HARD YELLOW CLAY, ; 1496 
VEINS OF FINE SAND 15"0" oe 
NE*CY TF TOCSE FINE SAND 
17°C* 
FIRY FINE SAND 2 
& CLAY 1gnem 
19868 FRM 
SAND SOME GRAVEL, 
STONES 
22 *0" 
MEDIUM YELLOW CLAY 
24°C" 2410" 


WATER LEVEL (TIDE) 
DATE 5«22=67 


WATER LEVEL 8*0" (TICE) 
BELOW GROUND SURFACE 


DATE 5-23-67 


25 *6° 


27 *0" 
WATER LEVEL 9°90" (TIDE) 
BELOW GROUND SURFACE 


DATE 523-67 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


8 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 2" 0.0 T : Rie 
ples ___._ INCHES USING 140 LB. WEIGHT FALLING 30 INCHES ide SHEETS 2 1. 4 OR ge aby 


G-9 


CARR-DEE TEST BORING AND CONSTRUCTION CORPORATION 


37 LINDEN STREET MEDFORD, MASSACHUSETTS 02155 Telephone EXport 1-4500 
To CAMP, ORESSER & MeKEE, ENGINEERS, FCSTON, MASS, = UNE 26, 1967) ny 67122 
) Bee ation Cee ee MC RECORT MMS e Mae See Seale (* eee 
BORING #17 BORING #18 BORING #19 
GROUND SURFACE ELEV, 14.5 GROUND SURFACE ELEV. 15.5 GROUND SURFACE ELEV.15.5 
FIRM SAND, 0*6" LOOSE LOAVY SAND 
GRAVEL FILL 1 6" 
FIRM SAND, FIRF LOAKY SAND, 
GRAVEL, STONES TRACE GRAVEL, 
FILL 3 068 SHELLS FILL 
4¢o* 
46" 
FIRM 5 0" 
SANG & GRAVEL CLAY, LITTLE LCOSE SAND, GRAVEL 
FULL FANE SAND, TRACE FILL 
ORGANIC SILT 
7*6" 
FIRM MEDIUM 
ORGANIC SILTY SAND 
rorge ORGANIC SILT, 
RACE FINE 
PEAT SAND 
12 *0* 12 #c* 
FIRK COARSE SAND, 142 
1386 SOVE GRAVEL F LRM 
14te" COARSE SAND, 
ORGANIC SILTY SAND, GRAVEL 
) SCKE GRAVEL 
HARD 15 #6" 
YELUOK CLAY, FIRM ORGANIC SILTY 
TRACE FINE SAND SAND, GRAVEL 
& STONES 17 *Q* 
Br iatce WATER LEVEL 8'c® (TIDE) 
188C BELOW GROUND SURFACE 
WATER LEVEL 4*0" (TIDE) FIRM FINE SANQ 
BELCW GROUND SURFACE SOWE STONES DATE 4e27eh7 
DATE 52467 206" 
WATER LEVEL © 4"6" (TIDE) 
GE LOW GROUND SURFACE 
DATE 52467 
) UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE __ 2" ale SLIT TUBE SAMPLER 
_ 12 INcHES USING 140 LB. WEIGHT FALLING 30 INCHES a SHEET =. 5 OF Ce 


G-10 


CARR-DEE 


To 


Location 


TEST 


37 LINDEN STREET 


BORING 


MEDFORD, MASSACHUSETTS 02155 
CAMP, DRESSER & PcKEE, ENGINEERS, BOSTON, MASS, 


BOSTON SEWER REPORT, WASS, 


BORING #20 


GROUND SURFACE ELEV. 14.0 


10'0" 


180e® 


21 0" 


LOOSE MEDIUK 


SAND, LITTLE 
CINDERS FILL 


LOOSE SAND, 
CINDERS FILL 


LOOSE CINDERS, 
TRACE SAND 
FILL 


LOOSE CINDERS, 
ORGANIC SILT, STONES 
FILL 


ORGANIC SILT, TRACE 
OF SHELLS 


BLUE CLAY, LITTLE 
ORGANIC SILT 
LOOSE FINE SAND 

& CLAY 

MEDIUM 

BLUE CLAY 


WATER LEVEL 1250" 


BELQY SECUND SURFACE TF 


C2 
Ga9 067 


AND 


BORING #21 


_ Date 


CONSTRUCTION 


CORPORATION 


Telephone EXport 1-4500 


JUNE 26, 


1967 Sprays 67122 
Scale |” ‘ ft, 
BORING #21-A 


GROUND SURFACE ELEV. 16.0 


4*6" 


15 #€" 


22 86" 


2396" 


LOOSE SANU, CINDERS, 
LITTLE GRAVEL 
FILL 


LOOSE CLAY, SAND, 
TRACE ORG. SILT FILL 


SOFT BLUE CLAY, 
LITTLE FINE SANG 
FILL 


BLUE CLAY 3 
FILL 


- | 


SOFT BLUE CLAY 


HARD YELLOW CLAY, 
TRACE FINE SAND 


25°" [HARD YELLC® CLAY, 
TRACE FINE SAND 20 


27 'C* 


WATER LEVEL 
BELOW GROUND SURFACE 


DATE 


70" 


5e|7-f7 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


a 4 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 2" 0.0. SPLIT TUBE SAWPLER = as 


eile INCHES USING 140 LB. WEIGHT FALLING 30 INCHES an 


eae ne 


SHEET - 


Bo ones 


CARR-DEE' TEST 


37 LINDEN STREET 


BORING 


AND CONSTRUCTION 


MEDFORD, MASSACHUSETTS 02155 


CORPORATION 


Telephone EXport 1-4500 


CAVP, DRESSER & MeKEE, ENGINEERS, BOSTON, KASS. JUNE 26, 1967 67122 
Nf) RO Se ie a = a ae ee ies PERE =! 6 pene ieee & I Ob Nous 2k oe 
keine BOSTON SEWER REPORT, MASS. Soe Dips 
BORING $22 BORING #23 BCRING #24 
GROUND SURFACE ELEV.19.0 GROUND SURFACE ELEV. 16.5 GROUND SURFACE ELEV. 16.0 
HOT TOP & CONCRETE 
1+ 1 
FIRM SM, 
FIRM SANO, GRAVEL, eens 
STONES FILL 
4" 
FIR SAND, GRAVEL, LOOSE SMO, 
STONES FICL SCME GRAVEL 
FILL 
60 
FIRW SAND 76° |-SRGANIC SILT, LITILE 
GRAVEL, STONES « |SAND, Fit 
FILL 8°6 ri re 
gage | SULT, TAKE CLAY F ORGANIC SILT, 
HARO YELLOW CLAY, SOME FIBRES 
A rage LAVEINS OF Fine Sato 
MEDIUM YELLOW 
CLAY, TRACE OF 
FINE SAND 
14ater 
16°" 
ne MEDIUM YELLOK CLAY, 


FINE SAND, 
SOME CLAY 


1] 
20°€" | yeDiUN YELLOW CLAY, 
SOME FINE SAND 
22 *6* 


24°0" 


31 96° 


34°? 


MEDIUM YELLOW CLAY, 
SOWE FINE SAND 


F 1 RM 
FINE TO MEDIUM 
SAND 


FIRM FINE SAND, 
SOME CLAY 


WATER LEVEL 7°? 
BEL@w GROUNS SURFACE 


DATE = Seb bo87 


19°6" 


23° 


28'0" 


Be 


VEINS OF FINE 
SAND 


WATER LEVEL 7°6* 
BEL@Y GROUND SURFACE 


DATE S12 -67 


PEATY SAND 


FIRM FINE SAND, 
SOME CLAY 


HARD YELLOW CLAY 


MEDIUM BLUE CLAY, 
VEINS OF FINE 
SAND 


WEDIUM TO 
SOFT BLUE 
CLAY 


WATER LEVEL 60" 
8tLOw eRowne senrace 


DATE St0=67 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 
t 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE _ 2 O.0, SPLIT TURF SAMPLER 


I2 INCHES USING 140 LB. WEIGHT FALLING 30 INCHES + SHEET I of 22 sa l', 


G=l2 


CARR-DEE 


To 
BOSTON SEWER REPORT, MASS. 
Location 
BORING $25 
GROUND SURFACE ELEV. 16.0 
“pop [HOT Tor & concrete 
FIRM SAND 
GRAVEL, SWOhES 
FILL 
5*0° | Fire SAND, GRAVEL, 
STONFS FILL 
a fF 
sg ORGAN aia 
i] 
Tene sl 
9" 
ee 
aT 
FINE SANO 
ecuy 
15 t6* 
MEDIUM BLUE CLAY, 
VEINS OF FINE 
SAND 
i 
206" rep 
BLUE CLAY 
22 
2796 
31 


VASE 


37 LINDEN STREET 


WATER LEVEL 6 *0* 
CELLO GROwRO SuArAcE 


DATE = S967 


BORING 


AND 


MEDFORD, MASSACHUSETTS 02155 


CAMP, DRESSER & MeKEE, ENGINEERS, BOSTON, MASS, 


CONSTRUCTION 


Date _JUNE 26, 1967 


BOUNG #26 


GROUND SURFACE ELEV. 17.0 


"0" 


26° 


130 


15 0" 


20 


25 


20° 


WOT Top ¢ concrete | | 


TRH SAMO, SOME 
GRAVEL FILL 


FIRM SAND, TRACE OF 
GRAVEL FILL 


FIRM SAND, TRACE OF 
GRAVEL FILL 


4th nad LITTLE 


LOOSE PEATY 
SAND 


FIRM MEDIUM TO COARSE 
SAND, SOME GRAVEL 
STONES, TRACE OF CLAY 


FIRM SAND & CLAY, 
TRACE. OF 
GRAVEL 


BORING 26 CONTINUED AT RIGHT 


SOU" 


CORPORATION 


Telephone EXport 1-4500 


Job No. _ Site 


Scale |” = ft. 
BORING $27 


GMUUNU SURFACE ELEV. 22.0 


FIR SAND 
& GRAVE 
FILL 


HARD 
YELLOW CLAY, 
VEINS OF FINE SAND 


HARD YELLOW 


CLAY, VEINS OF FINE 
SANO, FIME GRAVEL 


@ REL AL e 
(120 srews, mo Penetaation) 


WATER LEVEL © 4°0* 
CEL@Y GROUR SURFACE 


DATE S587 


BORING 26 (CONTINUED) 


WATER LEVEL 7 °O* 
OEL@y GROuRe suar ace 


DATE 58067 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 


_ INCHES USING 140 LB. WEIGHT FALLING 30 INCHES — 


+ 
G--13 


2° 0.0. SPLIT TUBE SAMPLER 


8 mab 


SHEET oF 


CARR-DEE TEST BORING 


37 LINDEN STREET 


Location 


MEDFORD, MASSACHUSETTS 02155 


CAMP, DRESSER & WeKEE, ENGINEERS, BOSTON, MASS, 


AND CONSTRUCTION CORPORATION 


BOSTOM SEWER REPORT, MASS. 


BORING #28 


GROUND SURFACE ELEV. 18.0 


FIRR SAID, GRAVEL, 
STOWES FILL 


FURM SMO, GRAVEL, 
BRICK FILL 


4g" 
LOOSE 
SAND, SOME GRAVEL 
FULL 
(SE 
yor? jase 
LOOSE SAND, LITTLE 
GRAVEL, SILT FILL 
11 6* 
LOOSE FINE SAND, Fal 
LITTLE GRAVEL, CLAY 
mune | 
14" 
HARD YELLOW 
CLAY, TRACE OF 
FINE SANO 
170° 
210" 
236" 
i] 
cat F1RW FINE SAND 4 
310° 
37 °0" 
40°6" 


WATER LEVEL 8°? 
BELOW GROvND SURFACE 


DATE $a4-67 


GROUND SURFACE ELEV.15.5 


12 °0* 


1€ °6" 


19°6" 


23° 


36 *6° 


45° 


BORING #29 


LOCSE LOAMY SAND, 
TRACE OF GRAVEL 


LOOSE SAND, ASHES 
FILL 


SAND, GRAVEL, 
ASHES, GLASS, 
BRICK FILL 


FIRM 
FINE SAND, 
SOWE CLAY 


HARD YELL” CLAY, 


TRACE OF GRAVEL 


WEDIUM 
BLUE 
CLAY 


SOFT BLUE CLAY, 
SOME FINE SAND 


WATER LEVEL 4°O? 
CEL Gy GRCURD SuRt ace 


DATE Se6-67 - 


Telephone EXport 1-4500 


. JUNE 26, 1967 Ne 67122 
4 
Scale |” = #t. 
BORING $30 


GROUND SURFACE ELEV. 16. io 


LOAMY SAD, 
LITTLE GRAVEL 


LOOSE ASHES 
FILL 


aU, 
LITLE ORG SILT Fit 5 | 


2 


86" 
96° 


SAND , SOME CLAY, 
GRAVEL FILL 


16°0" 
ORGANIC SILT, CLAY, 
TRACE SHELLS FILL 


186" 
19°6° 


ORGANIC SILT, 
TRACE SHELLS 


25°" 


HARO YELLOW 
CLAY, VEINS OF 
FINE SANO 


30° 5 
HARD YELLOW CLAY, 
VEINS OF FINE SAND 


32 "0° 


WATER LEVEL 3°6" 
BELG: GROunD SURFACE 


DATE 4=27-€7 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO prive 2° 0,0, SPLIT TUBE SAMPLER 


be 12. INCHES USING 140 LB. WEIGHT FALLING 30 INCHES + 


G-14 


SHEET ST CFs. 1S ae: 


CARR-DEE TEST 


37 LINDEN STREET 


BORING AND CONSTRUCTION 


MEDFORD, MASSACHUSETTS 02155 


CORPORATION 


Telephone EXport 1-4500 


To CAMP, DRESSER & McKEE, ENGINEERS, BOSTON, MASS. re - ee __SUNE 26, 1967 Pee RIAS 67122 

Pasi ROSTON SEWER REPORT, MASS. * Séale'|? = 4 ft. 
BORING $31 BORING $32 BORING #33 
(OMITTED ) 


GROUND SURFACE ELEV. 17.5 


HOT TOP & COBBLE 
STONES 


16" 
FIRM SAND, GRAVEL, 
STONES FILL 


4g" 


FIRM SAND 
GRAVEL, STONES 
FILL 


80° 


FIRM 
SAND, GRAVEL, 
STONES, SCME CLAY 
FULL 


1390" 


ORGANIC 
SILT 


17 °0° 


ORGANIC 
SILT 


20'¢* 


WATER LEVEL 7 #0" 
BELOW GROUND SURFACE 


DATE 6-567 


GROUND SURFACE ELEV. 17.5 


19°0* 


HOT TOP & STONES 
FIRB MEDIUM SAND 
& GRAVEL 


HARD FINE SAND, 
GRAVEL é 
STONES 


FIRK FINE SAND, 
SOME GRAVEL & 
S TONES 


y y 
SA 


GRAVEL 


FIRM MEDIUK SANU, 
GRAVEL & STONES 


FIRM 
MEDIUM 
SAND 


FIRM 
FINE 
SAND 


WATER LEVEL 8" 0° 


BELCW GROURD SURFACE 


DATE 66-67 


a 
~ 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 


.________._ INCHES USING 140 LB. WEIGHT FALLING 30 INCHES a 


See pee 


Sor.) 


210.2 


CARR-DEE TEST BORING AND CONSTRUCTION CORPORATION 
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CAMP, DRESSER & McKEE, ENGINEERS, BOSTON, MASS. JUNE 26, 1967 ater < 67122 
ee cate a a AR Bet ttt 2 Pin EE ARERR echt SAAS Le eee ad ° One 


fo) RAR Te PEPE LAS, 0 eee ate thet Lain 
(ae BOSTON SEWER REPORT, MASS. was Scale |" = eee 
BORING #34 HORI NG £35 BORING $36 
GROUND SURFACE ELEV. 18.0 GROUND SURFACE ELEV. 30.0 
01g® () () 
FIRM SAND, GRAVEL FIRM SAND 8 
CINDERS, ASHES FILL 12) GRAVEL, STONES, 


2°" TRACE BRICK FILL 


LOCSE 
SAND, ASHES 
FILL 


4*o" 


FAM 


28 


FINE SAND, 
TRACE OF GRAVEL 
7°" 
FIRM SAND 8°0" [TIN FINE SAND, 8 
GRAVEL, SOME gege |_TRACE_GF GRAV. "Ca¥ 
STONES, LITTLE VERY HARD, FIN SAND 
CLAY FILL age LA GRAVEL. STON: 
10 = REFUSAL = 
: (120 srows, wo eeweTaation) 
11 "6 
LOOSE SAND, SCWE NO WATER ENCOUNTERED 
GRAV. STONES FILL 
3068 DATE 6-867 
FIRM SAND, GRAVEL, 
TRACE OF CLAY 
15 16" 
MEDIUM BLUE CLAY, 13 
FINE SAND, GRAY, STONES 
17"0" 


HARD 
YELLOW CLAY, 
TRACE FINE SAND 


20°0* 


HARD 
YELLOW CLAY 
TRACE FINE SAND 


25°0" 


WATER LEVEL 11 *6" 
BELOW GROUND SURFACE 


DATE 6-767 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE ped Oe 0 Sri J AR ha 
12 


»- 


INCHES USING 140 LB. WEIGHT FALLING 30 INCHES a SHEET i = 322. OF pil ae 
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een. BOSTON SEWER REPORT, MASS, ee Scale (” = t aeneee 
BORING #37 BORING #38 BORING $39 
GROUND SURFACE ELEV. 18.0 GROUND SURFACE ELEV.24.0 GROUND SURFACE ELEV. 21.0 


LAMY SAND 
LOAMY SAND, 

TRACE OF CINDERS VERY HARD 
COAL FILL : SAND, GRAVEL, 


STONES FILL 


FIRM SAND 
SOME GRAVEL 
FILL 


5 16" 516" 


FIRM SAND, GRAVEL, 
STONES FILL 


HARD SANO, GRAVEL, EI 
STONES FIL 


FIRM SAND, SOKE 
GRAVEL FILL 


6 #6" 
70" 


8'0° 


FIRM 
MEDIUH SAND, 
SOME GRAVEL 


VERY HARO, 
SAND, GRAVEL, 


STONES FILL 


Th 
1210 
LOOSE SAND 
GRAVEL, STCNES 
FILL 


LOOSE PEATY SAND 
& GRAVEL 


MEDIUM BLUE CLAY, 
VEINS OF FINE SAND 


12 #6" 


HARD 
MEDIUM SAND, 
SOME GRAVEL 


HAD 
WED) UM SAN 
15 #0 SOME GRAVEL. 


16 "6" 


18°O* 1899" 


NO WATER ENCOUNTERED NO WATER ENCOUNTERED 
DATE 4423067 DATE 4028-67 


19 #0* 


HARD 
YELLOW CLAY 

VEINS OF FINE 
SAND 


25 168 
SOFT YELLOW CLAY 
VEINS OF FINE SAND 


SOFT BLUE CLAY, 
VEINS OF FINE SANG 


SOFT BLUE CLAY 


WATER LEVEL 90" 
BELOW GROUND SURFACE 


DATE 6 Be67 
UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


27 *0* 


290° 


31 '0" 


a 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO prive__¢ Ue» SPLIT TUBE SAMPLES 


INCHES USING 140 LB. WEIGHT FALLING 30 INCHES ny G-17 sweet /2 opt le 
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To CAMP, DRESSER & MCKEE, ENGINEERS, BOSTON, MASS. Dae 26,1967 pba lze 


Location BOSTON SEWER REPORT, MASS, — ae Seale 1° ee 
BORING #40 BORING #41 BORING #42 
GROUND SURFACE BCE voor) GROUND SURFACE ELEV. 270 GROUND SURFACE ELEV. 32.0 


FIRM SAND, GRAVEL, | 16 
CINDERS FILL 


age [HOT TOPs concrete | jage [HOT TOP & CONCRETE 


HARD SAND, GRAVEL, 16 
STONES, CEMENT FILL HARD SAND GRAVES 
STONES, TRACE OF 
CLAY 
416° TR +10; 416° 
BRS OMSL gtd 
5 16" ob IE Ee LOOSE SAND, | a, 
FIRM FINE SAND 29 640" 
& GRAVEL FIRM 
FINE SANO 
Af SOME CLAY 
VERY HARO FINE 
SAND, SOME GRAVEL Ds 916" 
HARD YELLOw CLAY, 
LITTLE GRAVEL, FINE 
a 
i = REFUSIT = QOSE SAND, mel Rakes 
(120 stows, wo PenetaaTion) , SOME STONES, 12°" 
N FIRM FINE SANO 
SUISSE SOME GRAVEL, LITTE 
DATE 42 Bef? CLAY 
. 15 *0" 
Ty HARO FINE SAND, 
GRAVEL, STONES, 
LITTLE CLMY 
1800" 1810" 


WATER LEVEL 13°6° 

BELQv GROUND SURFACE WATER LEVEL 4 °O* 
BELOW GROUND SURFACE 

DATE 5=5=67 


DATE Set5e6? 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 
 ] ' 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE __ 27 0.9. SPLIT TUBE SAKPLER 


flesh ee < INCHES USING 140 LB. WEIGHT FALLING 30 INCHES a3 SHEET _ A3 fa Oke AS ieee 
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T ETO eckh set ade SL 
ee BOSTON SEWER REPORT, KASS, Seale 1” Wie 
BORING $43 BORING $44 BORING #45 
(OMITTED) (OMITTED) 
GROUND SURFACE ELEV.17.5 
FIRR SAND , 
GRAVEL, SOME 
STONES, CINDE%S FILL 
FIRM 
SAND, SRAVEL 
& STONES 
FIRM MEDIUM SAND, 
) GRAVEL, TRACE OF 


CLAY 


HARD 
YELLOW CLAY, 
TRACE FINE SAND © 


WATER LEVEL 6 #0" 
BELOW GROUND SURFACE 


DATE 65-67 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


cS) 
if 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 2" 0.0. SPLIT THE: SAMPLER 


: 12 __ INCHES USING 140 LB. WEIGHT FALLING 30 INCHES oy SHEE (eee 4 OP ee 
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Mor a Si eee eee eee DATS 


BOSTON SEWER REPORT, MASS. 4 


Location Scale 1” = 


ft. 


BORING #46 
GROUND SURFACE ELEV. 18.0 
(oes 00) ee 


VERY HARD, SAND, 
GRAVEL, STONES 


FILL 
3°" 
LOOSE 
MEDIUM SAND, 
GRAVEL, STONES, 
TRACE OF CLAY 
gro? 
1400" 
150" 
HARD COARSE SAND 
GRAVEL, LITTLE 
STONES 
19°" 


WATER LEVEL 6 #0® 
BELOW GROUND SURFACE 


DATE  6e}5=67 


UNLESS OTHERWISE SPECIFIED, WATER LEVELS NOTED, WERE OBSERVED AT COMPLETION OF BORINGS, AND DO NOT NECESSARILY REPRESENT PERMANENT 


a 
GROUND WATER LEVELS. FIGURES IN RIGHT HAND COLUMN INDICATE NUMBER OF BLOWS REQUIRED TO DRIVE 270.0. SPLIT TUBE SAMPLER 


I2 _ INCHES USING 140 LB. WEIGHT FALLING 30 INCHES ite SHEET ie lsee OF ue ae t 
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Health, Education & Welfare, Public Health Service, No. 1246, 
1964 


"Two to Ten-Day Precipitation for Return Periods of 2 to 100 
Years in the Contiguous United States", Weather Bureau Technical 
Paper No. 49, 1964 


"Tidal Datum Planes and Related Problems", by W. Shofnos, Office 
of Oceanography, Coast & Geodetic Survey, 1964 


"Bedrock Valleys of the New England Coast as Related to Fluc- 
tuations of Sea Level'', by Upson & Spencer, U.S. Geological 
Survey, Prof. Paper No. 454-M, 1964 


"Scientific and Technical Applications Forecast-1964-Excavation", 
AD607077, U.S. Department Commerce, Office of Technical Services, 
prep. for Office of the Chief of Research & Development, Department 
of the Army, by Hughes Tool Company, 1964 


"Study of Sewer and Drain Systems and Recommended Improvements 
(Washington Park Urban Renewal Area)'', to Boston Public Works 
Department, by Fay, Spofford & Thorndike, 1964 
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"Report on Water and Sewer Systems-Inspection and Flow Measurements- 
South End Project - Mass. R-56", to Boston Redevelopment Authority, 
by Charles A. Maguire & Associates, 1964. (Appendix D, Inspection 
of Sewers - Data Sheets, bound separately) 


"Report on Preliminary Studies of Existing Utility Systems", to 
Boston Redevelopment Authority, by Charles A. Maguire & Associates, 
1964 


"Status of Tunnel & Raise Boring", by R.J. Robbins, A.I.M.E., 
Paper No. 64, AU48, 1964 


"Geology of the City Tunnel Extension, Greater Boston, Mass- 
achusetts'', by M.P. Billings & F.L. Tierney, Jour., BSCE, Vol. 51, 
NO.wslZee 904 


"Renewal Program Traffic Study, Boston, Massachusetts", by 
Wilbur Smith and Associates, for Boston Redevelopment Authority, 
1965, 

Part 1. Overall Circulation Plan 

Part 2. GNRP and Project Area Traffic Plans 

Part 3. Traffic Count and Street Inventory Studies 


“Diversion and Treatment of Extraneous Flows in Sanitary Sewers", 
by L.W. Weller and M.K. Nelson, Jour., WPCF, Vol. 37, No. 3, 1965 


"Report on Hard-Rock Tunnelling Investigation", by R.C. Hirschfeld, 
for U.S. Department of Commerce, Contr. C-85-65, M.I.T. Dept. of Civil 
Engineering, 1965 


"Engineering Report on the Preliminary Design of Project Improve- 
ments, South End Project, Mass. R-56, - Part 1, Application and 
Loan", to Boston Redevelopment Authority, by Charles A. Maguire & 
Associates, 1965 


"Project Improvements Report, Code No. R-224, South End Project, 
Project No. Mass. R-56, Final Project Report, Part 1 of Application 
for Loan & Grant, Vol. 2 of 2, Project Improvements, Water Dis- 
tribution-Sewerage-Police & Fire Alarm-MBTA Facilities-Traffic 
Control-Signs", to Boston Redevelopment Authority, by Charles A. 
Maguire & Associates, 1965 


"Summary 1965/76 General Plan for the City of Boston and the 
Regional Core", by Boston Redevelopment Authority, 1965 


"Report on Preliminary Design, Marginal Pollution Control Project, 
Eastchester Bay, Vol. 1 — Report", to Department of Public Works, 
City of New York, by Greeley and Hansen, 1965 


"Protecting the Potomac at Washington", by D.V. Auld, Jour., WPCF, 
Vol. 3 /EUNogeess eon 


"Machine Tunneling on Missouri River Dams", by L.B. Underwood, 
Trans., ASCE, Vol. 131, 1965 
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"Design Construction and Proposed Operation of a Flooded Tunnel 
Interceptor System for the Metropolitan St. Louis Sewer District", 
by W.G. Shifrin, G.K. Hasegawa & V.C. Lischer, Jour., WPCF, Vol. 39 
NOwen L967 
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"Effect of Storage & Skimming on Combined Sewage Overflows", by 
G.E. Hubbell, Preprint, WPCF, September 1966 


"The Problem of Separation in Planning Sewer Systems", by T.R. Camp, 
JSOUTC WE OPSeVOl noO ee Novel? L906 


"Pollution Control Measures for Stormwaters and Combined Sewer 
Overflows", by D.D. Dunbar and J.G.F. Henry, Jour., WPCF, Vol. 38, 
Nowe. 1966 


"Flood and Pollution Control, A Deep Tunnel Plan for the Chicago- 
land Area, A Prefeasibility Report", by Harza Engineering Company, 
and Bauer Engineering, Inc., Prep. for the Metropolitan Sanitary 
District of Greater Chicago under Federal Water Pollution Control 
Administration Research and Demonstration Grant, 1966 


"Hydraulic Model Studies, Chlorination Mixing & Contact Chambers 
for the Calumet Treatment Plant", by Harza Engineering Company to 
Metropolitan Sanitary District of Greater Chicago, 1966 


"Report to Board of Selectmen, Town of Brookline, Massachusetts, 
on Additions and Improvements to the Sewerage and Drainage Systems", 
by Metcalf & Eddy, 1966 


"Report to City of Boston on 9-ft x 13-ft Interceptor Sewer 
(Dorchester Brook Interceptor) Adjacent to Boston Edison Building 
at Massachusetts Avenue", by Penetryn System, Inc., 1966 


"Basic Design Report - Southwest Expressway - Interstate Route 95 - 
Route 128, Canton, to Jackson Square, Boston", by Brown Professional 
Engineers, Inc., 1966 


"Geology of the Malden Tunnel, Massachusetts", by M.P. Billings 
ANUeDs Am Ran = JOUb.. sbOCE.6 VOL. vos. NO. 2, 19606 


"Storm Detention and Chlorination Station, Supplemental Information, 
Facilities Demonstration Grant", by Metropolitan District Commission 
for Federal Water Pollution Control Administration, Department of 
the Interior, 1966 


"Bacterial Effect of Combined Sewer Overflows on the Detroit 
Rivet omy en. DuUrm JOU. WOM, VOL. 39, NO. 3,.0290/ 


"Underflow Sewers for Chicago", by M. Pikarsky & C.J. Keifer, 
eCiyiiebnoineerines  SASCES Vol. 3/,,) No.<5,, 1967 


"ASCE Project on Combined Sewer Separation", American Society of 
Civil Engineers for Federal Water Pollution Control Adminstration, 
reports by M.B. McPherson, 1967 
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"Ocean Outfall Design for Economy of Construction (Los Angeles 
County)"', by J.D. Parkhurst, L.A. Haug & M.L. Whitt, Jour., 
WPCF, Vol. 39, No. 6, 1967 


"Hypochlorination of Wastewater Effluents", by S.W. Steffenson 
and N. Nash, Jour., WPCF, Vol. 39, No. 8, 1967 


"Response to Pollution of New York Harbor and Thames Estuary", 


by W.N. Torpey, Journal Series, N.J. Agricultural Exp. Sta., 
Rutgers Univ., 1967 
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